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Preface 


The  purpose  of  this  study  was  to  develop  a  derivative 
of  the  Cost  Oriented  Resource  Estimating  (COPE)  life  cycle 
cost  model  that  calculates  operational  availability  in 
addition  to  costs.  The  availability  output  acts  as  a 
measurable  surrogate  for  suppor t ab i 1 i ty  and  facilitates 
comparison  of  alternative  weapon  system  designs. 

The  impetus  for  developing  a  modified  model  stems  from 
a  general  difficulty  in  evaluating  suppor tab i 1 i ty  in  new 
weapon  systems.  We  understand  performance ,  cost,  and 
schedule  and  we  can  measure  those  things  fairly  well. 

Suppor tab i 1 i ty ,  on  the  other  hand,  is  not  as  well 
understood,  nor  is  it  easily  measured  in  the  early  stages  of 
system  development. 

My  appreciation  and  thanks  to  my  advisor,  Lt  Col  John 
Long  and  reader  Mr.  Roy  Wood.  They  were  helpful,  patient, 
and  made  this  experience  interesting  and  satisfying.  I  also 
found  the  advice  and  assistance  of  Don  Breidenbach  and  Lt 
Dam  ei ! s  Rodgers  of  the  Life  Cycle  Cost  Management  Division, 
HQ  ASD  to  be  crucial  to  the  development  of  the  me t hodo 1 ogy . 
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Abstrac t 

I n  recent  years,  interest  in  weapon  system 
supper  tab i 1  i ty  has  grown  tremendously.  Coupled  with  this  is 
a  complemenUry  emphasis  on  life  cycle  cost  analysis.  Both 
arise  from  a  concern  that  weapon  system  ownership  costs  are 
ex traord i nar i 1 y  high  and  that  improved  understanding  of 
suppor tab t 1 i ty  issues  and  their  effect  on  life  cycle  costs 
can  result  not  only  in  dollar  savings,  but  also  in  increased 
system  readiness  xnd  capability.  These  considerations  led  to 
development  of  a  methodology  for  cantparing  ownership  costs 
and  supportabi S i ty  that  enables  Program  Managers  to  more 
easily  evaluate  design  tradeoffs.  T.;e  methodology  involves 
use  of  a  modified  life  cycle  cost  model  thit  yields  as 
outputs  both  relative  cost  and  suppor tab i 1 i ty ,  where 
operational  availability  ac  as  a  measurable  surrogate  for 
suppor tabi 1  ty.  The  modified  model  uses  the  DOD's  CAIG 
approved  cost  element  structures  in  an  attempt  to  use 
cost/ava i 1 abi 1 i ty  output  in  support  of  Defense  Systems 
Aquisi  t  i  on  Review  Count:  i  i  <  DSARC )  mi  lest  ones.  The 
methodology  is  app 1 i ed  to  a  sample  data  base  from  the  HH-60D 


A  FURTHER  EXAMINATION  OF  OPERATIONAL  AVAILABILITY 


IN  LIFE  CYCLE  COST  MODELS 


1  -  Introduct ion 


Query  i  gw 

In  rec#nt  interest  in  weapon  system 

suppor tabi I i ty  has  grown  tr emendousl y .  Coupl«d  with  this  is 
the  complementary  emphasis  on  life  cycle  cost  analysis.  Both 
arise  from  a  concern  that  weapon  system  ownership  costs  are 
extraordinarily  high  and  that  improved  understanding  of 
suppor tab i J i ty  issues  and  their  effect  on  life  cycle  costs 
can  result  not  only  in  dollar  savings,  taut  in  increased 
system  readiness  and  capability  as  well. 

This  thesis  is  an  extension  of  an  earlier  effort  b / 
Captain  Thurman  Gardner  entitled  An  am i n a t i on  Of 
Operational  A  vail  jollity.  In  Life  Cycle  Cost  .  in  it, 

the  author  demonstrated  that  operational  availability 
measures  can  b#  used  a*  a  surrogate  for  suppor tabi 1 i ty  (in 
that  if  the  system  is  available,  then  it  is  supported)  and 
that  operational  avail  ability  could  be  incorporated  into  the 
Logistics  Support  Cost  <LSC>  Mode!  to  give  ctxnpar  at i ve 
aval  1 atai  1  i  ty  and  do!  1 ar  costs  as  outputs.  He  reasoned  that 
this  kind  ot  i  n  forma  t  i  on  wou  I  cl  perm  i  i  a  progr  ,«  s>  manager  to 


better  weigh  suppor tab i  ?  i  ty  and  cost  issues  during  the 
weapon  system  acquisition  process.  This  effort  will  attempt 
to  further  validate  the  use  of  operational  availability  as  a 
supportabi l i ty  surrogate,  and  will  apply  availability  to  a 
model  that,  unlike  the  LSC  variety,  uses  the  DOD  Cost 
Analysis  Improvement  Group  (CAIG)  approved  cost  element 
structures.  The  model  to  be  used  is  one  rejected  by  Gardner 
as  difficult  to  modify}  the  USAF  Cost  Oriented  Resource 
Estimating  (CORE)  Model. 

How  does  availability  relate  to  suppor tabi l i ty  and  the 
acquisition  process? 

Operational  availability  in  wartime  is  a  necessary 
requirement  if  the  United  States  Air  Force  is  to 
successfully  project  airpower  in  support  of  national 
objectives.  Not  heeding  this  principle  can  have  unfortunate 
consequences.  The  Korean  Conflict  provides  the  following 
©  x  <unp  l  ©  : 

Initial  Provisioning  for  the  F--86  was  based  on 
peacetime  consumption  rates.  Hence,  the  51  st  Uiing's 
unprogr  aimed  conversion  to  F~86E's  severely  strained 
logistical  suppor' t.  By  January  1952,  45  percent  of  the 
war  coinmitted  F-86A  end  E  fighters  were  out  of 
commission  for  want  of  parts  or  maintenance.  Theater 
supplies  of  external  fuel  tanks,  without  which  the 
range  limited  F~8<5/s  were  badly  handicapped,  also  were 
nearly  exhausted,  "Peter  Rabbit,"  a  crash  project  for 
ouying  a  t  year  supply  of  all  urgently  needed  items, 
solved  most  of  these  problems,  but  it  took  several 
mon  t  h  %  r l 2 : 58 1  , 

By  no  means  we r «•  Korean  based  F~8A'«  in  1952  a  unique 
problem.  As  the  decade  of  the  80's  started,  stmt  1  ar 


ufeifeuik 


8  ncommi  ssi  on  rat®*  were  experienced  by  peacetime  fighter 
un:ts  stationed  in  the  United  States.  Suppor tabi i i ty 
problems  ii&e  these  repeatedly  *r  i  s» ,  not.  because  the  Air 
Force  fai 's  to  learn  -from  history,  but  because,  during  the 
weapon  system  acquisition  process,  performance  and 
suppor tabi I i ty  criteria  must  be  weighed  against  constrained 
and  uncertain  funding. 

Unfortunate! y „  as  the  process  goes  on,  supportabi li ty 
criteria  often  "lose  out"  in  the  budget  fight  with 
performance  because  of  uncertainty  about  suppor tabi li ty? 
what  it  means,  how  much  is  enough,  and  how  much  it  really 
costs.  Understandably,  program  manager*  have  difficulty 
balancing  life  -ycle  costs  and  *isppartabi  1  i  ty  against  the 
requirement  to  produce  a  capable  system  within  time  and 
budget  constraints.  As  a  result,  support  equipment, 
manpower,  spare  parts,  and  a  host  of  other  logistics 
elements  can  fail  to  get  the  attention  and  funding  they 
deserve.  Ultimately,  underfunded  operations  and  support 
factors  can  drive  downstream  costs  for  the  deployed  weapon 
system  beyond  planned  levels.  The  resulting  dollar  costs  are 
enormous,  but  costs  arc  also  felt  in  terms  of  overstr e tched 
manpower  and  low  operational  availability. 

System  readiness  is  not  dr i v  n  by  support  factors 
!  on  e  ,  l  or  de  s  i  gn  fr  ac  t  or  s  a  1  so  ap  p  1  y  .  If  1  ow  !  eve  1  s  or 

l  s#  s  f  *  (  i  t  v  X  o  rt/  or  iT»  i  I  ft  t  is  i  ft  ik f.l !  1  I  i  y  c}f*  S  ?  i  f\  f  i  ft  #*-  y 
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ca.nnot  n*c#5S*pi  \y  b#  caff^«n«at4d  -for  wi  th  more  tools,, 
higher  manpower  or  more  money.  As  Northrup's 

chairman  and  chief  executive  officer  recently  noted, 

...too  many  of  our  current  weapon  systems  require 
#x tr aord i nar i I y  costly  logistics  support,  and  even  with 
such  support  they  still  are  not  capable  of  sustaining 
their  performance  during  an  intense  or  pro! onged 
conf 1 ict  E 1 1  *  133 . 

Underfunding  those  acquisition  activities  that  preclude 
these  design  problems  can  also  drive  downstream  costs.  The 
program  manager  then  must  concern  himself  with  injecting 
capability  into  the  system's  logistic  support  structure  and, 
thus,  optimising  a  supportable  design  while  at  the  same  time 
minimizing  life  cycle  costs.  He  can  succeed  only  through 

V 

appropriate  design  tradeoffs,  but,  again,  uncertain 
visibility  with  regard  to  suppor tabi 1 i ty  requirements  in  the 
fife  cycle  costing  process  can  render  affordable  supported 
systems  an  elusive  goal  indeed.. 

The  problem,  stated  briefly,  is  to  find  a  way  to  reduce 
uncertainty  in  cost/supportabi U ty  tradeoffs.  A  current 
weakness  in  life  cycle  cost  analysis  is  the  difficulty  of 
realistically  evaluating  suppor tabi 1 i ty.  If  suppor tab i 1 i ty 
can  be  soundly  det i ned  and  quantified  in  a  way  that  takes 
into  account  the  many  factors  that  can  plague  deployed 
operations,  then  uncertain* y  i n  c  os t / su p  p  or  t  ab i 1  s  t y 
t  r  a cie  o f  f  s  s h ou  I  d  be  r. re  a  5 .k  lie  I f  l  will  r. t  ter  u 1 , de  r  %  t  and  h <  ^ < 
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much  suppor  t abi 5  i ty  h*  or  she  i s  ge  1 1 i 09  and  what  it  will 


Pgf  LqJlJJ  ons 
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Defining  suppor tabi 1 i  ty  is  not  easy.  POD  Directive 
5000.39  de-fines  it  as  follows* 


Support&foi  1  »  ty;  The  degree  to  wl«  i  cb  uystera  design  \ 

characteristics  and  planned  logistics  resources, 
including  manpower ,  meet  system  peacetime  readiness  and 
wartime  utilization  requirements  £23:2-21. 

DOD  Directive  5000.39  also  defines  the  system  readiness  i 

objective  in  terms  of,  among  other  things,  operational 
avai 1 abi 1 i ty . 

1 

System  Read i ness  Objec  t i ve ;  A  criterion  for  assessing 
the  ability  of  a  system  to  undertake  and  sustain  a 
specified  set  of  missions  at  planned  peacetime  and 
wartime  utilization  rates.  System  readiness  measures 

take  explicit  account  of  the  effects  of  system  design  - 

R&M,  the  characteristics  and  performance  of  the  support  ~ 

system,  and  the  quantity  and  location  of  support 

resources.  Lxanto  1  es  of  system  readiness  are  combat 

sortie  rat#  over  time,  peace time  mission  capable  rate, 

operational  availability,  and  asset  ready  rate  [23:2-- 

31  . 


A  useful  reference  was  provided  recently  by  Mohr  and  Corner 
£16:331  who  acknowledged  cost  constraints  while  stating: 
•Support abi  I  1  ty  is  synonymous  wi th  economical  1 y  sustainable 
usabi  tity.  A  weapon  n  ■.  stem  *  s  supportable  to  the  extent 


aAutJidfc.  hdlill  -  ■■*--  *— h 


t  h  a  t 


it's  operational  use  cars  be  sustained  at  an  affordable 
cost.*1  Mohr  and  Corner  distinguish  between  what  is 
theoretically  achievable  and  what  is  economically 
sustainable.  They  point  out  that  acquisition  strategy  often 
focuses  on  the  theoretically  achievable  while  it  fails  to 
cross  the  br i dge  to  practical  requirements  (economic 
sustainability).  "It  is  not  theoretic?,!  sower,  but  practical 
(useable)  power  that  counts.  To  be  effective,  weapons 
systems  must  be  kept  useable  -  must  be  kepi  operation*! 
[16:333."  Mohr  and  Corner  look  to  the  various  availability 
measures  as  the  key  to  reaching  beyond  theore t i cal  1 y 
achievable  and  achieving  economically  sustainable,  or 
supportable,  weapon  systems.  This  kind  of  reasoning  leads 
one  to  conclude  that  a  close  relationship  between 
supper  tab i 1  i  ty  and  ava i  1 ab i 1  i ty  may  be  reasonably  inferred. 

From  the  Comp end i um  of  Au  then  t i rated  Systems  and 
Log  i  s  t  i  cs  Terms  ,  ^efjni  t  >  ons  and  Acr  griyms  [17:81J,  comes  the 
following  de  f  i  rs  i  t  i  on  : 

Av a i  1 ab i i  i  ty  is  a  measure  of  the  degree  to  which  an 
item  is  in  the  operable  and  comroi table  state  at  the 
start  of  the  mission  when  the  mission  is  called  for  at 
an  unknown  (random)  time  (inherent  availability)  (MIL- 
STD -721 B/AR  705-50  > .  For  OT&E  purposes,  availability  is 
considered  synonymous  with  operational  readiness,  <.AFR 
80  —  1  4/AFP  300-7) 


Blanchard  C  4  j  Ml  describes-  three  treatments  of 


availability. 

t.  Inherent  Availability: 

A .  *  _  HTBF  _  U  ) 

1  HTBF  +  KTTR 

Wh®re 


A  j 

i  s 

i nheren t 

availability 

HTBF 

i  s 

mean 

t  i  me 

between  failures 

MTTR 

i  s 

mean 

t  ime 

to  repair 

HTBF  accounts  for  failures  for  which  a  contractor  could  be 
held  legally  accountable.  MTfR  includes  only  thos* 
unschedu  1  ed  inai  n  tenar.ce  actions,  or  direct,  active 
Maintenance  time,  needed  to  restore  the  failed  item  to 
operational  status.  Not  included  is  logistics  delay  time. 
Scheduled  maintenance  task*  are  also  not  included. 


MTBM  *  nc  l  tides  preven  tat i ve  <  schedu  I  ed)  in  a  i  r»  tenance  and 

♦  ail  ures  <  unsc.hedu  I  ed>  ma  i  n  te nance  r  H  accm.m  t  s  for  bo t h 


types  of  mainteiuiic*  actions.  Ag.»  i  n  ,  logistics  delay  time  is 
not  included., 

These  two  terms,  inherent  and  achievable  availability 
are  objectively  m#isureable,  contractually  enforceable,  and 
are  expressions  of  the  " theore t i cal  1 y  achievable"  that  are 
used  when  dealing  with  contractors  C16;34]. 

Unfortunate  1 y ,  these  term's  Achilles  heel  is  the 
failure  to  'include  logistics  delay  time.  This  factor 
accounts  for  supply  delays,  work  stoppages  for  lack  of 
manpower,  tools,  facilities,  POL,  and  any  other  of  a  myriad 
of  factors  that  cause  systems  to  remain  inoperative  when 
they  shouldn't  be.  In  order  to  achieve  the  “economically 
sustainable"  then,  we  must  1 ook  at  another  definition  of 
awa i 1 ab i 1 i ty . 


3.  Operational  Availability: 

A0  *  HTBM 

WTRM  <-  MOT 


Where 


(3) 


AQ  is  operational  availability 

MDT  is  mean  maintenance  downtime 

MTBM  is  mean  time  between  maintenance 


MOT  is  the  factor-  that  includes  the  1  ess-  than  i  de  a  1  aspects 
of  the  real  world  logistics  environment ,  This  equation  does 
not  assume  an  abundance  of  tools,  spares,  and  manpower.  It 
forces  consideration  of  those  issues  and  high! ights 


t:  h  e 
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If  operational  availability  measures  the  “sustainable" 
in  "  econom  i  c  a  I  I  y  sustainable"  then  measurement  of  the 
“economical*  is  done  through  life  cycle  costing.  Air  Force 
Regulation  800-11  defines  life  cycle  cost  as 

“the  total  cost  of  an  item  or  system  over  its  full 
life.  It  includes  the  cost  of  development,  acquisition, 
ownership  (operation,  maintenance,  support,  ect.),  and, 
where  applicable,  disposal"  [19:13. 

The  LCC  approach  to  costing  came  out  of  rising 
concerns  during  the  1970/s  that  ownership  costs  were,  in 
some  cases,  far  in  excess  of  development  and  acquisition 
costs.  (See  Figure  1.;  Clearly  these  costs  had  to  be 
brough  t  under  con  trol  .  Wb  iie  earlier'  concepts  within  the 
design  to  cost  framework  focused  on  development  and 
acquisition  costs,  LCC  went  further  and  allowed  program 
managers  to  consider  downstream  operations  and  support  costs 
as  well.  AFR  800-11  also  defines  the  purpose  of  LCC:  "The 
use  of  life  cycle  cost  is  not  intended  to  make  minimum  cost 
the  predominant  factor,  but  to  insure  a  proper  balance 
between  cost  and  system  effectiveness  [19:23.* 


Background 

The  Aii'  Force  Acquisition  Process.  The  backdrop  for 
this  d  i  st  u  as  i  on  i  s  the  at  q  ui  si  t  i  on  p  r  or,  e  ss  i  t  se  1  f  .  Br  i  e  f  1  y 
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the  procen^  con«i  *t*  of  four  phases:  concept  exploration, 
demon# tr at i on  and  validation,  full  seal*  development,  and 
production  and  deployment.  (See  Figure  2 .  > 

The  concept  exploration  phase  begin#  with  a  need 
developed  during  the  requirements  determination  process. 
This  need,  articulated  in  a  justification  for  major  system 
new  start  (JSMNS),  goes  to  the  Secretary  of  Defense,  who 
issues  guidance  through  the  Program  Decision  Memorandum 
<PMt>)  and  who  authorizes  the  acquisition  community  to 
proceed. 

During  the  concept  exp  1  or  at i on  phase,  initial  studies 
are  conducted  to  determine  operations  and  maintenance 
concepts,  costs,  schedule,  readiness  objectives,  and 
affordability.  These  i turns  are  included  in  the  system 
concept  paper  < SCP)  and  are  evaluated  at  Milestone  I  by  the 
Defense  Systems  Acquisition  Review  Council  < OSARO .  A 
decision  to  proceed  at  Milestone  I  authorizes  the  Air  Force 
to  enter  the  demonstration  and  validation  phase.  Now  t ,>e 
system  is  further  defined  through  testing  and  study  until 
M i  1  e-stone  l  l  . 

If  there  is  a  decision  to  proceed,  then  the  full  scale 
development  phase  begins.  The  System  prototype  is  built  and 
tested,  tin  some  cases,  full  scale  development  is  started 


before  Mi  !#»ton«  II  ,  The  indention  in  such  cases  is  to 
better  define  acquisition  objectives  before  major  resource 
app 1 i cat i on  incr»A«t«  occur.)  By  the  end  of  th®  full  scale 
rtevolojMwrt  phe.se  the  system  s  %  ready  for  production  and 
deployment ,  If  design  and  c  >?jt  thr^shcl  ds  have  not  been 
exceeded;,  then  the  dtployro^nt  can  proceed  based  on  the 
Milestone  HI  decision  of  the  Air  Force  Systems  Acquisition 
Review  Council. 


UJj8X.Ai.yLT.SL  toJJtw. 
analysis  is  found  in  DODI 
information  be  submitted 
decision  making: 


Guidance  on  the  use  of  cost 
5000.2,  It  requires  that  cost 
to  the  DSARC  for  use  in  their 


Cost  effectiveness  analysis  for  all  major  acquisitions 
shall  be  performed  by  the  DGD  components  to  support 
milestone  I  and  milestone  II,  and  shall  be  prov i ded  to 
the  Director,  Pv'ogi  am  Analysis  and  Evaluations,  along 
with  the  draft  SCP  ...  £ 22s 51. 


DODD  5000.1  also  addresses  the  issue  of  life  cycle  cost 
planning  and  it's  relation  to  operational  effectiveness: 


A  cost  effect ive  balance  must  be  achieved  among 
acquisition  costs,  owntrsh i p  costs  of  major  systems, 
and  system  effectiveness  in  terms  of  the  mission  to  he 
performed  £21*31. 


DOD  Directive  5000 . S  describes  some  other  basic  goals  of 
the  acqui si t i on  p r oc ess: 


mpi  wed  readi  ness  and  sus  1  a  i  nab i  t  i  t  y  are  pr  i  mar  y 
vb iec  t i v#S  of  the  acquisition  process.  Resources  to 

i 


ach  i  i»«9  r«adin#ss  will  rect^iv'1  the  same  emphasis  as 
thoft*  required  to  achieve  schedule  or  performance 
obj  ec  t  i  m*ms  .  As  a  management  precept,  operational 
sustainability  of  deployed  weapon  systems  is  an 
object i ve  of  equal  importance  with  operational 
effectiveness  t2i:2J„ 

Clearly*  the  emphasis  on  the  readiness  objective  moves 
supportabi  1  i  ty  issues  to  the  upper  end  of  the  program' 
manager's  list  of  priorities.  In  tfr ?  past,  program  managers 
were  evaluated  on  their  ability  to  meet  performance  and 
schedule  objectives  while  developing  new  weapon  systems.  As 
costs  rose,  more  and  more  visibility  was  given  to  ways  to 
control  acquisition  costs  and  keep  systems  affordable. 
Today's  fiscal  constraints  force  the  acquisition  community 
to  protect  funding  for  readiness  and  support  of  new  systems 
and  to  seek  ways  to  control  downstream  operations  and 
support  costs  (synonymous  with  ownership  costs)  through  the 
consideration  of  life  cycle  cost.  Expensive  weapons  simply 
cannot  be  procured  in  large  enough  numbers  to  allow  some  to 
sit  around  in  an  unserviceable  state..  Support  and  readiness 
affordability  issues  tnen,  must  be  addressed  anc  are 
prominent  in  the  pages  of  DODO  5000.1. 

If  operational  avai labs! i ty  can  be  comb  ned  with  a  life 
cycle  cost  model ,  then  a  program  manager  should  find  the 
resulting  output  data  useful  in  assessing  the  future 
r e a d : n  e s  s  of  h i s  $ y s t em . 

(far  <lner  s  e  *  >  1  i  t>r  <?  f  r  or  t  e  x  am  i  ned  sever  a  i  1  i  f  >.•  c  ;■■  r  l  e 

.03  t  I'iDde  I  •••.  t  o  e  i  +  an  y  l  ju  i  d  be  mod  i  f  >  >  i;  ...  ;  i  >  t- 
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operational  availability  as  an  output.  Some  clearly  could 
not  be  modified  because  the  models  could  not  accept  input 
data  to  match  any  availability  equation.  Others  were 
considered  workable  and  Gardner  finally  settled  on  the 
Logistic  Support  Cost  (LSC)  Model  as  the  easiest  and  most 
stra i gh  t forward „ 

While  he  succeeded  in  showing  that  operational 
availability  can  be  a  useful  term  in  analyzing  cost  and 
design  tradeoffs,  the  LSC  Model  has  a  significant 
shortcoming  in  that  it  does  not  use  the  approved  cost 
element  structure  for  aircraft  put  out  by  the  Cost  Analysis 
Improvement  Group  (CAJ.G)  in  1980  (Table  I),  The  cost  element 
structure  was  standardized  in  an  attempt  to  deal  with  the 
issue  of  comparability  in  life  cycle  costing.  Decision 
rnak  i  ni  is  difficult  when  various  models  us*  different  kinds 
of  data  and  generate  output  that  cannot  be  easily  compared, 
As  a  result,  the  LSC  Model  is  not  really  as  useable  (as  is 
the  Cost  Oriented  Resource  Estimating  Model  for  example)  in 
any  attempt  to  reduce  uncertainty  further  through  the  use  of 
operational  availability  because  it's  output  cannot  be  used 
in  the  DSARC  process. 

Gardner  rejec  ted  the  CORE  Mode  !  as  diff  icul  t  to  wcu  k 
w i th ,  but  considered  t  t  useable ,  However ,  this  effort  will 

concert  tt  ate  on  the  COREL  Model  ,  because  i  t  uses  the  approved 
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Table  I 

Operating  and  Support  Cost  Elements  tAircraft)  (2:93 


OPERATING  AND  SUPPORT  COST 

UNIT  MISSION  PERSONNEL 
Aircrew 
Mi  1 i tary 
Maintenance 
Mi  1 >  tary 
Civil i an 

Other  Unit  Personnel 
Mi  1  i  tary 
Civil i an 


INDIRECT  PERSONNEL  SUPPORT 

Miscellaneous  Operations  and  Maintenance 
Medical  Q&M  Non -Pay 
Permanent  Change  of  Station 
Temporary  Additional  Duty  Pay 

DEPOT  NON-MA I MTENANCE 
Genera!  Depot 

Second  Destination  Tran  spot'  tat  ion 


UNIT  LEVEL  CONSUMPTION 
Petroleum,  Oil, 

&  Lubricants 
Maintenance  Materia! 
Training  Ordnance 

DEPOT!  LEVEL  MAINTENANCE 
Airframe  Rework 
Engine  Rework 
Component  Repair 
Support  Equipment 
Software 
Modi f i cat i ons 
Other  Depot 
Contracted  Unit 

Lev#!  Support 


PERSCNNEL  ACQUISITION  AND  TRAINING 
Acquisition 
Individual  Training 

INSTALLATION  SUPPORT  PERS'  *#40. 

Bast  Operating  Support 
Mi  1 i ta ry 
Civilian 

Real  Property  Maintenance 
Mi  1  i  tary 
C  i  v  i !  i  an 
Medical 

M! 1 i tary 
Civil i an 


SUSTAINING  INVESTMENT 
Replenishment  Sparest 
Replacement  Support  Equipment 
Mod i f i c  a  t i or  Kits 
Other  Recurring  Investment 


aircraft  cost  element  structure,  to  further  validate  the 
utility  of  operational  availability  in  reducing  uncertainty 
in  LCC  analysis. 

Research  Quest i ons 

1.  Is  operational  avail abi II  •  a  suitable  surrogate  for 
supper tabi 1 i ty  when  used  in  LCC  analysis? 

2 .  Can  a  life  cycle  cost  model  that  uses  the  CAI6  approved 
cost  element  structure  be  modified  to  give  cost  versus 
operational  availability  as  an  output? 


£SS£&££l!  9feie.SiJ.Ji® 

The  research  objective  is  to  examine  how  operational 
availability,  representing  supportabi l i ty,  can  be 
incorporated  into  a  suitable  life  cycle  cost  model  in  order 
to  provide  useful  comparison  data  to  the  program  manager . 
The  overal 1  purpose  of  such  output  data  is  to  improve  the 
visibility  of  suppor  tabi 1 i ty  issues  in  the  decision  making 


p  r  Oi.  ess. 


II.  Methodology  .'> 

This  chapter  provides  an  overview  of  the  specific  steps 
taken  in  this  project  to  solve  the  research  problem.  These 

steps  were  Designed  with  the  intent  of  reaching  a  correct, 
sound  conclusion. 

Or i en tat i on  to  Subject  Matter 

The  first  step,  as  in  any  research  project,  was  to  gain 
an  appreciation  of  the  subject  at  hand.  This  was 
accomplished  thro*  gh  a  systematic  review  of  various  sources 
of  1 i teratur©  to  include  general  articles,  DOD  publications, 
textbooks  and  unpublished  research  manuscripts.  Berause 

this  project  is  a  follow  on  to  LSSR  57-83,  “An  Examination  !;:■ 

of  Operational  Availability  in  Life  Cycle  Cost  Models, "the 
orientation  process  was  greatly  simplified. 

In  that  earlier  effort,  the  author  had  sought  an 
increased  understanding  of  the  major  components  of  his 
research ,  aval  1 ab « 1  i  ty  and  1  i f©  eye l e  cost i n g .  In  add i  t i on , 
this  author  brought  in  a  third  term,  support abi  1  i  t  y  ,  i  n 
order  to  strengthen  understanding  of  the  1  ink  be  tween  i  t  and 
av  a i  i abi  lay.  Ihi  s  sat i sf i ed  the  f  I  r ? t  research  quest  i on . 
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The  second  step  of  this  research  was  to  identify  the 
shortcomings  of  the  Logistic  Support  Cost  <LSC>  mode  1  and 
select  another  model  that  met  applicability  criteria  and 
overcame  the  LSC  models  shortcomings.  The  objective  of  this 
analysis  was  much  like  Gardner's;  "...to  find  a.  model  that 
could  specifically  address  availability  and  evaluate  the  ( 

impact  of  design  changes  with  respect  to  system  availability 
and  costs  C 7 s 1  S3 " . 

In  his  analysis,  Gardner  £7*133  listed  f hr«e  major  art- as  J 

of  concentration  in  his  app 1 i cabi 1 i ty  criteria; 

1.  Which  of  the  phases  of  a  system's  life  is  the  mode?  j 

directed  at? 

2„  Does  the  model  evaluate,  estimate,  or  u v-e 
availability  and/or  RUsH  parameters? 

3.  Can  the  model  be  adapted  to  evaluate  availability? 

i" 

§ 

Tfhere  were  five  models  considered  by  Gardner  (Table  H>, 

Those  same  five  were  briefly  considered  again  here ,  but  one 
more  criterion  was  evaluated; 

J 

4.  Does  the  mode  1  use  the  CA1G  approved  cost  element 

struct  V r e ? 

1 

As  stated  before ,  the  LSC  mode  1  does  not  meet  this  last, 
coinit  f.  *  on  .  I  n  f  ae  t  t  ot  the  t  f  vc*  *  on  1  y  the  COR!;.;.  mode  1  floes  . 


Table  I  I 


The  LCC  Models  Surveyed  by  Gardner  [7:143 


1.  Cost -Or i en  ted  Resource  Estimation  (CORE). 

2.  Development  and  Produc  ion  Costs  of  Aircraft 

(DAPCA) . 

3.  Logistic  Support  Cost  <LSC>. 

4.  Logistics  Composite  (LCOM) . 

5.  Programmed  Review  of  Information  for  Costing 

and  Evaluation  (PRICE). 


Gardner  also  noted  that  the  CORE  model  would  be 
difficult  to  adapt  to  meet  this  objective.  Help  came  in  the 
form  of  another  model  that  had  not  yet  been  released  for 
general  use.  The  Initial  Support  Investment  And  Operating 
And  Support  (G&S)  Cost  Model  (also  known  to  its  developers 
as  CORE  F)  brought  with  it  two  qualities  that  eased  CORE 
adaptation  considerably.  It  uses  the  rame  basic  variable 
structure  as  LSC,  and  it  uses  the  CAIG  approved  cost  element 
structures.  As  a  result,  the  CORE  F  model  meets  al !  of  the 
appl icabi l i ty  eri ter i a  1 i  steel  in  both  Gardner's  research 
effort  a  d  th  one.  Moreover,  its  outputs  const i  tu te  some 
of  the  iniijt  factors  for  CORE  itself..  Hence „  CORE  P  pro*-*  i  des 
a  convenient  br i dqe  between  LSC  and  CORE. 
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he  f  r>  i  r  d  s  i  ?  p  ini-1?:  to  take  the  .  -  !  .  ted  mo  :f«*  •  C  >  n  t  C 
the  CijRi  ?  mode  I  >  and  modi f v  ?  ;  to  give  ,os?  verso::. 


operational  availability  as  an  output.  This  would  beg  i  n  to 
satisfy  the  second  research  question. 

Modification  of  the  CORE  F  nnodw  1  required  several 
actions.  Selected  cost  elements  had  to  be  built  into  new 
algorithms  to  incorporate  operational  availability  into  the 
model .  Both  the  selected  cost  elements  and  later,  the 
algorithms  were  checked  with  LCC  analysts  to  confirm 
validity.  Test  data  was  gathered  and  run  through  the 
algorithms  as  a  further  check  and  then  adjustments  were  made 
as  they  became  necessary.  The  ground  rules  that  Gardner  used 
to  select  the  data  were  good  ones  and  so  much  of  the  same 
data  base  was  used  again  here  (Table  III). 

Table  HI 

Data  Selection  Criteria 


1.  Selection  of  data  from  combi t  systems  was  stressed 
because  their  readiness  or  availability  was  assumed  to 
be  more  critical  than  non  combat  systems. 

2.  The  <’  ”a  selected  was  from  the  subsystem  level 
rather  an  ft  cm  the  entire  system  < or  end  item)  level 
in  order  to  simplify  the  computations  while  still 

a c c amp  1  i sh i n g  t h e  r  ese ar ch  objective. 

3.  R4M  data  was  expressed  in  operational  terms  whenever 
possible  since  operational  values  include  the  comb  *  oed 
effects  of  sever  a i  real  world  operational  factors. 
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Finally,,  an  demons,  t  n  t  i  on  run  was  made  o-f  the  modified 
COSE  F  model  using  the  data  used  in  the  modified  LSC 
•analysis.  This  demonstration  was  not  intended  to  second 
guess  decisions  mad#  in  any  program,  but  to  show  that  the 
modified  model  is  useful.  Drawing  any  ’real  world" 
contusions  from  these  computations  is  risky  in  any  case 
because  of  some  data  base  limitations  that  are  further 
explained  in  Chapter  4. 


jmgj i cat i ons  and  Cone  1 usi on* 

Modifying  the  CORE  F  model  and  using  it  and  the 
information  and  data  collected  in  a  sample  application 
answered  the  research  questions  and  met  the  objective.  Based 
on  the  implications  and  conclusions,  areas  for  further 


research  were  identified. 


m 


III.  Mocj«  1  Anal  ysi  s 
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In  hi*  earlier  effort,  Gardner  addressed  the  issue  of 
incorporating  operational  availability  into  the  LSC  model. 
He  took  reliability  And  maintainability  factors  from  the 
existing  LSC  input  list  and  applied  them  to  the  following 
equation  for  operational  availability  t  ?  s  26  3  2 


ft 


aq  - _ oim _ 

OT+ST+TFW+TCM+ALDT 


(4) 


«*here 

OT*  is  operational  time 

ST  is  standby  time 

TFtt  is  total  preventative  maintenance  time 

TCM  is  total  corrective  maintenance  time 

ALDT  is  average  logistics  delay  time 


Remembering  81  ancS'i  ard '  s  equation  given  in  Chapter  l,  note 
that 
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MDT  *  TPM  +  TCM  ♦  ALDT . 
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The  author  took  the  ava  i  I  abi  1  i  ty  output  -from  this 
equation  and  merged  it  with  tho  LSC  cost  figures  to  come  up 
with  a  new  measure  for  competing  components*  Instead  of 
measuring  the  difference  in  costs  <Ac>  for  different 
components,  the  new  measure  was  the  change  in  availability 
per  change  in  cost  (or  Aao/Ac)  (33.  The  program  managers 
who  use  this  kind  of  information  could  now  make  informed 
judgements  regarding  the  tradeoffs  between  cost  and 
suppor tabi 1 i ty  (7:513. 

Of  course  the  LSC  model's  limitations,  as  mentioned 
earlier,  do  not  allow  use  at  DSARC  milestone  decisions.  The 
obvious  solution  to  this  problem  is  to  similarly  modify  the 
CORE  analysis  to  include  operational  availability. 
Unfortunately  the  CORE  input  factors  don't  readily  fit  the 
equation  for  operational  availability.  Th®  input  list  for 
the  CORE  model  has  to  be  expanded. 

Part  of  the  solution  lies  in  a  new  LCC  model  developed 
recently  by  cost  analysis  experts  at  Aeronautical  Systems 
Division  (53.  Called  CORE  F ,  this  mode!  takes  component 
level  outputs  from  LSC  and  converts  them  by  means,  of  Ct'Rs  to 
year  I y  system  level  inputs  for  CORE.  An  expanded  input 
variable  list  will  a! low  a  modified  CORE  F  model  to  do  the 
same  cost  ;«r sus  operational  jyai  | abi  i  i  t  y  Analysis  as  the 


modified  LSC  can  do  now.  The  advantage  gained  is  that  this 
analysis  is  done  at  system  level t  is  year  by  year,  and  uses 
the  same  CAIG  approved  cost  element  structures  that  higher 
level  managers  like  those  at  the  DSARC  would  wish  to  see. 

The  Mode  1 s 

In  order  to  place  the  LSC  and  CORE  models  in 
perspective,  a  brief  overview  of  LCC  models  is  in  order. 
These  models  are  generally  of  two  types;  the  large  complex 
simulations  like  L-CQM,  and  analytical  models.  Analytical 
models  employ  three  techniques:  analogy  (estimates  based  on 
“expert  opinion"),  parame  tn  i  c:s ,  and  engineering  (a  precise 
approach  that  requires  a  detailed  data  base).  Models  using 
parametrics  are  character i zed  by  the  use  of  cost  estimating 
relationships  (CER's).  These  equations  can  be  either  factor 
basso  (usually  these  factors  are  chosen  through  common  sense 
or  experience)  or  regression  based  (derived  through  a 
statistical  regression  method  such  as  least  squares)  [141. 

Timing  effects  the  use  of  these  various  model  types. 
Simulations  and  engineering  are  generally  used  in  the  later 
acquisition  stages  because  of  the i r  need  for  large 
quantities  of  firm  data.  This  data  generally  becomes 
aval  table  we i  t  after  the  conceptual  phase  when  so  many 
c  r  i  tick!  de  c  i  •»  i  on  s  if  e  made  1141,  An  a  i  ogy  a  nd  p  a.r  ante  i  r  t  <  ■:>  , 
c  it  t  til  £-  o  thei  it  a  it  cj .  a  t  e  u  r .  a  lit  I  e  e  a  t  I  >■  i  n  t  ft  e  p  t  ■  ogs  ant  ■ 


The  Logistic  Suppor t  Cost  < LSC)  Mode  1  „  The  LSC,  or 
Logistic  Support  Cost,  model  is  a  f actor  based  parametric 
model  that  looks  at  operating  and  support  costs  over  the 
life  of  a  system.  It  sums  logistics  support  costs  over 
eleven  areas:  [9: 24) 

1.  Initial  and  replenishment  First  Line  Unit  (FLU) 
spares  cost . 

2.  Qn-equ i pmen t  maintenance  cost. 

3.  Of f -equ i pmen t  maintenance  cost. 

4.  Inventory  management  cost. 

5.  Support  equipment  cost. 

4.  Personnel  training  cost. 

7.  Management  and  technical  data  cost. 

8.  Facilities  cost. 

9.  Fuel  consumption  cost. 

10.  Spare  engines  cost. 

11.  Software  cost. 

Both  inputs  and  outputs  are  at  the  component  and 
subcomponent  level.  The  inputs  required  are  fairly  ex  tens i 
and  must  be  gathered  for  each  component.  This  model  is  not 
generally  used  for  system  level  analysis  since  <i)  the  cos 

categories  it  deals  with  are  d i fferent  from  those  the  OSAR 
looks  at  and  (.2.)  a  typical  system  has  many  componen t s  on 
ijoar  d  and  the  ana  1  >  i  seal  inanttoucs  requ  •  red  ,.o  cio  a  v,>>fs  t  -am 


The  Cost  Oriented  Resource  Est  i  mat  i  n q  (  CORE)  Mode  1  - 
The  Cost  Oriented  Resource  Estimating  model,  like  LSC,  is  a 
-factor  based  pas  am*  trie  model,.  It,  too,  looks  at  operating 
and  support  costs  but,  unlike  LSC,  looks  at  one  /ear  at  a 
time  rather  than  over  the  system's  whole  life.  Also  uni  ike 
LSC,  CORE  is  a  higher  level  model  that  uses  system  level 
inputs  and  outputs.  It  also  uses  the  CAIG  approved  cost 
element  structures  120:103,2:9'].  Costs  are  calculated  for 
right  areas:  C 9 : 1 1 

1.  Unit  Mission  Personnel 

2.  Unit  Level  Consumption 

3.  Depot  Level  Maintenance 

4.  Sustaining  Investment 

5.  Installation  Support  Personnel 

6 .  Indirect  Personnel  Support 

7.  Depot  Non-Maintenance 

8.  Personnel  Acquisition  and  Training 

Neither  model  addresses  the  balance  between  cost  and 


avai 1 abi 1  i ty  (or  any  other  measure  of  system  readiness). . 
Both  address  relative  costs  only. 

CORE  F.  The  Initial  Support  Investment  and  Operating 

and  Support  <0&S>  Cost  Mode  1  ,  or  Core  F,  as  it  i «  better 


known ,  i s  a  methodology  and  set  of  ground  rules  de 
be-  used  i  ndeper.  Jc-n  t  of  the  CORE  mode  1  .  However, 


i  g  n  e  d  t  o 

O  U  t  p  U  t  S 


t  fie 


generated  by  CORE  F  are  used  as  inputs  to  CORE  to  compute 
systems  level  estimates  CIOs! 3,  Input  -factors  *r»,  in  most 
cases,  common  to  the  LSC  model  as  well. 

Core  F  computations  cower  three  main  areas  that  are 
•further  subdivided  as  listed  in  Table  IV . 

To  illustrate  the  Jink  CORE  F  provides  between  the  LSC 
and  CORE  models,  the  replenishment  spares  calculations  are 
provided  here  with  an  explanation  o-f  terms. 

First,  the  analyst  computes  the  mean  demand  rate  per 
base  <Ajtj>  for  some  -first  line  unit  <FLU>  or  line 
replaceable  unit  <LRU> . 


Ai 

(PFFH^MQPAj  ) 

JSK 

(MfcMMTBC-j  > 

(7) 

*  <  RTS  j  (BRCT:  +  (WRTSjXOST) 

(8) 

where 


i 

is  the  i ndex 

identifying 

each  LRU 

PFFHk 

is  peak  monthly  force  fi 
in  operational  year,  k 

y  i  n  Q  h  ou  r  s 

QPA  j 

is  the  quantity  o-f  i  dent 
app  1  i  c  a  t  i  or. 

ical  LRUs  per 

Mk 

is  the  number  of  active 
op  erati  on  a  i  year,  k 

b *ses  f o r  e a c h 

HT  BO ; 

i  s  the  mean 

t  t  me  be twe e  n 

demands  in 

Table  IV 


CORE  F  Output  Factors 


1.  Spares  Equations 

Pi pe 1 i n«  Spares 

Condemnation  Spares 

Training  Equipment  Spares 

Peculiar  Support  Equipment  Spares 

Replacement  Support  Equipment  Spares 

Update  Modifications 

Reprocurement  Data 

2.  Initial  Support  Investment 

Training  Equipment 
Common  Support  Equipment 
Peculiar  Support  Equipment 
Ini t i a!  Spares 

3.  Operating  and  Support  Costs 

Maintenance  Manpower 
Replenishment  Spares 
Replacement  Supper t  Equipment 
Depot  Maintenance 
So  t  twar  e  Suppor  t 

Second  Destination  Tr-».  sportation 


it!  uTiiUMieMiiiiHiiitHn;  h  Jm'im  imk 


VSin-iliti  fri-Miriil  nut 


iiYrini ir'iniii" 


miliMiffrih. 


RTSj  is  the  fraction  of  the  i th  LRU  r«mo«Mis 

reperabl @  at  the  base  level 

8RCT  i s  the  standard  base  repair  cycle  time 

in  months 

NRTSj  is  the  fraction  of  th®  i th  LRU  removals 

not  reparable  at  base  level 

GST  is  the  standard  order  and  shipping  time 

in  months 

Note  that  QPAj ,  RTSj,  BRCT,  NRTSj,  and  OST  are  all  common 
input  factor*  for  th*  LSC  model.  Of  the  others,  and  PFFHj< 
are  constants,  and  MTBDj  is  used  instead  of  LSC's  MT8F  (mean 
time  between  failures).  (In  using  MTBD,  the  model  does  not 
consider  or»-*qu  i  pmen  t  maintenance  where  no  demands  are  put 
on  the  supply  system.) 

The  mean  demand  rate  per  base  is  used  to  calculate  STKj 
(the  total  number  of  spares,  including  safety  stock  for  a 
giver  base ) : 

STKj  =»  Ajtj  +  i.dV'Xjtj  (9) 

STK ,  ,  another  LSC  input  factor,  is  then  usft'  to  calculate 
pipe! i n*  spares  at  system  level  using  the  fol lowing 
e qu a t  i  on  : 


(10) 


PSk  :=:  £  <FJ>  Mk  )  <  STK  j  >  (  UC  j  ) 

i.=i 


— ■  <PFFHk  >  OPAj  )  (NnTSj  >  (DRCT) 

„  >  - 

/  .  ) 

i 


(UC  j  > 


wher*  if, 


is  total  cumulative  pipeline  spares  cost 
per  operational  year,  k 


is  the  number  of  individual  LRUs  within 
the  j th  2-digit  work  unit  code  (UUC) 


is  the  cumulative  average  unit  production 
cost  for  the  i th  LRU 


DRCT 


is  the  depot  repair  cycle  time  in  months 


is  the  factor  used  to  calculate  ->RU  (shop 
replaceable  unit)  pipeline  spares  dollar 
requirements  for  the  j  th  2- digit  UH.JC 


is  an  index  identifying  eisch  2-digit  WUC 


is  the  number  of  2-diuit  (fJUCs 


PSk  is  used  to  compute  the  additional  pipeline  spares 


cost  CAPSk>.  "APSk  is  computed  as  a  series  of  annual 


requirements  with  each  year's  requirement  being  the 


additional  (delta)  spares  cost  needed  to  support  the 


increased  number  of  aircraft  and  th  -  increased  flying  hour 


program  associated  with  weapon  system  phase-in  C  0  : 1  3 )  . 


PS,,  <  PS 


p  f 


<  i  i  > 


APSj,  is  then  used  i  n  conjunction  wi  th  other  simi  I  ir!y 
derived  spares  -factors  to  calculate  rep  1  an  i  shiners  t  spares 
cost  per  operational  y*,ir  (RS^). 


H+I  K  K  K 

RSk  «  ! APSSk  +  ! APSNv  +  ! CSS*  +  ! CSN*  +  I PSES* 

K»1  k=*3  k=*l  k-3  K=»H+ 1 


K  H  K 

+  ICSES*  +  ITES*  +  SRPLSES*  <12) 

k»i  k=»H+i  Kni 


where 

n 

!  is  a  notation  that  identifies  -for  each  year,  k 

K3*!  the  cost  elements  thot  are  to  be  added. 

H  is  the  last  year  of  production. 

K  is  the  end  of  operational  life. 

1  is  the  first  year  of  deployment. 


k  inden  for  operational  year. 


APSSk 

is  the  additional  pipeline 
for  stock  listed  "S”  items 

spares 

cost 

tAPSk ) 

APSNk 

is  the  additional  pipeline  spares 
for  non-stock  listed  "N"  items 

cost 

(APSk ) 

CSSp; 

is  the  annual  condwii>  stjon 
stock  i  i  s  t  e  d  n  S  *  it  errs 

sp  -es 

cost 

for 

C  13N|( 

is  the  annual  condemnation 
non -stock  i  s  ted  "N"  items 

spares 

t;  o  s  t 

for 

PS'ESk 

is  the  annual  cost  o-  p?cu! 
e q u  i  pnte n  t  s p ares 

i ar  support 

r.SFSk 

is  ? hf  annual  cost  for 

ion  supp 

f  or  t 

equ  i  pm,;  n  t  spar  e s 


TES*  is  the  annual  cost  for  training  e  q  u  i  pme  n  t 

spare s 


RPl.SES^  is  the  annual  cost  for  r«plactm«nt  support 
equipment  spares 


Rep  1  er»  i  shmen  t  spares  cost  per  frying  hour  is  easily- 
computed  ass 


RS 


RSFHk 


’!X 


TFFH> 


<13  > 


where 


TFFHk 


is  the  total  fore#  frying  hours  p#r 
operational  year v  kr  for  all  delivered 
a i rcr af t 


RSFHk ,  or  replenishment  spares  per  flying  hour,  is  an 
input  factor  for  the  CORE  mod#?  and  corresponds  to  F40  in 
AFS  173-13. 


CORE  F  Mar i ah 1  €  Comb i n  a  t i on  s 


Intuitively,  it  makes  sense  that  if  operational 
availability  can  be  derived  from  LSC  inputs,  then  the  same 
should  be  possible  for  the  CORE  mode  I  using  CORE  f 
v  .ir  s  ait)  \  es  . 

The  transform  for  Of- era  t  i  octal  ava  i  l  ab  i  I  i  ty ,  given 
far  i  ter  ,  i  ■>  scssenuci  aqa  i  r  : 


'•i  :•! 


_  ■  v  vN  ■  ■■  .'a. 


.. . y,. wnwmi  .  .  r»t  vr  mwiiuil |,|Muy^vq.y 


*\>  "  _ _ _ _ -&L~* . SI _ _ 

OT  «•  ST  +  TPM  >  roc  ♦  ALOT  <14> 

Gardner  uwd  L.SC  var  i  ab!  es  to  derive  TPM,  TCMf  and  ALOT,. 

Then  he-  combined  them  into  the  fol  !  cwi  ng:  (.7:303 

A0  -  OT  +  ST/ tor  ♦  ST 

*  <<SMH  +  BCMH  *  PAMH  +  BMH) CUR/SMI > > 

+  <  < BCMH  <■  PttMH)  +  (BMH  *  IMH  +  BRCT )  RTS )  <  GT/HT8F  > 

+  < < MRF  t  MRO  +  OST  +  SR  +  TR  >  RTS ) ( OT/MT0F ) j  <15> 


Where  £l;2~t  2-83 


SMH 


SMI 

BCMH 


PAHH 


BMH 


I HM 


is  awer ag#  manhours,  to  perform  a  scheduled 
periodic  or  phased  inspection  on  the  system. 

is  the  interval  in  flying  hours  between 
scheduled  maintenance  inspections 

is  average  manhours  to  perform  a  shop  bench 
check,  screening,  and  fault  verification  on 
a  removed  FLU  or  LRU  prior  to  initiating 
repair  action  or  condemning  the  item. 

is  average  manhours  expended  in  place  on  the 
installed  system  for  preparation  and  access 
for  the  FLU  or  LRU.;  for  exantp  1« ,  j  ricking, 
unbuttoning,,  removal  of  other  writs  and 
hookup  of  suppor  t  t-qu  i  pmer>  t  . 

is  average  manhours  to  perform  i n  termed*  ate 
1  eve !  (base  shop )  mai ntenance  on  a  removed 
FLU  or  LRU  including  fault  isolation, 
repai r ,  and  ver i f i c at » on 

is  average  manhours  to  perform  corrective 
ma  -  is  I  ^ss ins,?  ot  ■  t  \ T  U  or  i„  til  ■  iv  j>  ?  & , .  ,  on 

i  I  1 1  !.y  5  ttjOI.I  t  C  eS,I!>0^.;i  ■!&  I  I  •  (  *  )|Cj  *  ft  .ii  4-  -i  *  i  ;  I 

!  so  1  a  t  i  on  a  v  ^ p  *  ?  r  aruf  s  so  i  t>.  t  >  on 


!C. 


BRCT  is  average  base  repair  cycle  time  in  months 

RTS  -fra..-  1 1  or  of  removed  FLUs/LRUs  expected  to  be 

repaired  at  base  I  eve  5 

HRF  average  manhours  per  failure  to  complete  off- 

equipment  maintenance  records 

MRO  average  manhours  per  failure  to  complete  on- 

equipment  maintenance  records 

OST  average  order  arid  shipping  time  in  months;  The 

elapsed  time  between  the  initiation  of  a 
request  for  a  serviceable  item  and  its  receipt 
by  a  requesting  activity 

SR  average  manhours  per  failure  to  complete 

supply  transaction  records 

TR  average  manhours  per  failure  to  complete 

transpor tat  1  on  transaction  forms 

5JR  is  th  ■»  peacetime  utilization  rate  per 

aircraft  <hr», /:no.) 


This  representation  accounts  for  the  time  that  a  system 
is  actually  undergoing  preventative  and  corrective 
maintenance  fairly  we  11  .  The  average  logistics  delay  time 
(ALDT)  portion  can  be  further*  developed,  however. 

From  equations  14  and  15? 


ALDT  *  <<MRO  +  MRF  +  OST  *  SR  *  TR)  RTS) < QT/MTBF)  (16) 


This  results  in  a  pessimistic  estimation  of  ALDT  because  of 
t  h  #  RT 3  <  r  e  p  a  s  r  a,b !  e  t  h  i  s  s  t  a  t »  on  )  f  ac  t or  .  Intuitive!  y  »  on  e 
would  expect  1  he  order  i  ng  and  sit »  pp  i  r»g  f  ac  tors  <  OF  •  SRf  and 
TR)  to  be  assoc  rated  with  the  MR I S  < not  r  e  p  a i r  ab I e  this 


station)  actions.  Further,  the  record  keeping  functions  (MRO 
and  MRF)  are  accorrsp  li  shed  any  time  maintenance  is  done.  This 
suggests  the  following  equation  for  ALDT : 

ALDT  =  <MRO  +  MRF  *•  <OST  *  SR  +  TR>  NRTS)  ( OT/MTBF >  <  17) 

At  this  point,  maintenance  manhours  and  supply  delays 
are  accounted  for.  Still  missing  are  several  other  delaying 
factors  that  affect  operational  availability  and  lengthen 
system  downtime.  Among  them  are  facility  delays  (hangar 
space,  engine  run  facilities,  specialized  fuel  system  repair 
bays,  ect)  and  support  /  test  equipment  delays  (work  stands, 
fuel  bowsers,  est  sets,  ect>.  These  delay  factors  vary  by 
weapon  system  and  operational  concept  and  are  included  in 
this  data  list  (Appendix  B>  as  subjective  estimates  only. 
There  are  other  factors  that  could  be  considered,  but  these 
two  are  incorporated  into  ALDT  as  shown; 


m 


ALDT  -  ( (MRO  +  MRF  +  < QST  +  SR  +  TR>  NRTS)  4  FACDEL 

4  SEDEL > ( OT/MTBF )  < 1 8 ) 


where s 


f  ■ 

±  „ 
i 

i, 

K. 

f 

F 


FACDEL 


is  t h #  delay  factor  for 
r*Kju  i  r- & <  1  far  H  *  t  I  es 


fo 


SF.DEL 


is  >:he  delay  factor  for  required 
support  /  t «» -s t  equipment 


Thus  the  new  equation  for  Ao  is: 

A0  *  OT  ♦  ST/COT  +  ST 

+  <  <  SMH  +  BCMM  +  PAMH  +  BMH)  <  UR/ SMI  )  > 

♦  < ( 8CMH  +  PAMH)  +  < BMH  +  IMH  f  BRCT)  RTS) < OT/MTBF) 

+  <<MRF  +  MRO  ♦  < GST  ♦  SR  +  TR>  NRTS) 

+  FACDEL  ♦  SEDELX OT/MTBF)]  (19) 


A  proi  ■*«»  arises  in  fitting  this  equation  to  CORE  F. 
When  the  variable  lists  are  compared,  only  RTS,  BRCT,  and 
OST  are  common  to  both  CORE  F  and  LSC.As  a  result,  the 
variable  list  for  CORE  F  must  tte  expanded  to  include  the 
necessary  manhour  and  logistics  delay  factors.  A  logical 
place  to  start  is  with  the  maintenance  manpower  requirements 
equation: 


MMPk 


<  t>AAk  )  <  UR  )  (  OVHFAC) 
(MHFfiP)  <  EFFAC) 


r C  PAAk > <  UR  > <  OUMFAC ) 
|  (MHPMP) (EFFAC) 


M 


1 


(MMHj ) <OPA, ) 


j=l  i— 1 


<  20  > 


.Hu  nt.f.wv,  in 


where  f!0s23) 


MMPk 


PAAk 


UR 

MHPMP 

GVHFAC 


EFFAC 

Y 

M 

j 

Nj 


is  the  maintenance  manpower  requirement  for 
operational  year,  k 

is  the  primary  authorized  aircraft  per 
operational  year,  K 

is  the  peacetime  utilization  rate  per  aircraft 
(hr s./mo . ) 

is  the  total  available  manhours  per  person 
per  month 

is  an  overhead  factor  applied  for  chief  of 
maintenance  and  PMEL  overhead 

is  an  efficiency  factor  for  manhours 

is  the  number  of  2-digit  WUCs  (10  thru  99) 

is  the  number  of  2-digit  WUCs  <01  thru  09) 

is  an  index  identifying  each  2-digit  UUC 

is  the  number  of  LRUs  within  the  jth  2-digit 
WUC 


MMHj  is  the  maintenance  manhours  per  flying  hour 

for  LRU/FLU  " i “ 

MMt^  i?  the  maintenance  manhours  for  support  and 

general  WUCs  <01  -  09)  for  the  "mth“  2-digit 
WUC 


QPAj  is  the  quantity  of  identical  LRUs/FLUs  per 

■aircraft 


The  maintenance  manhour  factor  (HMHj >  can  be  restated 
in  terms  of  LSC  manhour  variables.  Because  hflHj  is  expressed 
in  terms  of  manhours  per  flying  hour  and  the  LSC  variables 
are  expressed  in  average  manhours  per  maintenance  action., 
the  LSI  variables  must  be  converted  to  ref  1  ec  t  MMH  un  its: 


=  J  H 


Scheduled  maintenance  manhours  cannot  and  need  not  be 

ignored.  SMH,  though,  is  a  system  level  variable  that  fi ts 
outside  the  LRU  level  iterations; 


MMf\ 


<  PAAvj  )  (  UR  >  <  OUHFAi:  )  SHH 

<MHPMPXEFFAC>  Shi 

<  fW>K  )  <  UR  )  <  QUHFAO 

<  MHPhP X  EF  FAC  > 


EE 

j~i  i-l 


8CMH j  +  PAMHj  *  BMHj  +  IHH  j 
MTBMi 


( GPA ; ) 


<  PAAj<  ><  UR  X  QUHFAO 
CMHFMPXEFFAC) 


M 

} 


<  25  > 


where : 

SMI 


is  the  interval!  in  flying  hours  between 
scheduled  maintenance  inspections 


Now  that  the  LSC  manhour  factors  have  been  brought  into 
the  CORE  F  equations,  only  the  logistics  delay  factors 
remain.  They  are  presented  here  again  for  claritys 


MRO 

manhours  per  failure  to  complete 
equipment  maintenance  records 

on- 

MRr 

manhours  per  failure  to  complete 
equipment  maintenance  records 

off  •-■ 

SR 

average  manhotrs  per  failure  to  < 
supply  transaction  records 

z  omp  1 

TR 

average  manhours  to  complete  t ran spar 
tr  ansae  t i on  forms 

two  of  these  ,  HRtt  ana  MRF  ,  are  indirect  ma  f  ri  tenanoe  labor 

■f  ,=>t  t m  >.  hat  t  an  b>#  ’  no  or  por  a  h<!  .*  n  to  I  he  ma  s  n  >. er» :uh.: 


manpower  requ  i  remen  ts  equation  just  looked  at.  Assuming  that 
most  record  keeping  is  done  as  maintenance  actions  are 
completed,  and  realizing  that  maintenance  actions  often 
involve  more  than  on®  LRU  or  FLU,  it  follows  that  MRO  and 
MRF  should  be  added  as  follows! 


\  <PAAk)  <UR>  (CX/HFAC)  SMH 

MMPk  «  - -  - 

j_  (MHPMPHEFFAO  SMI_ 

<  PAAk  )  <  UR)  (  GfUHFAC) 

♦  - — - - - 

(MHPMPHEFFAC) 


Y 

MRO  +  MRF 


MTBMj 

j  =  l 


s 

j«Jl 


BCMH j  +  PAMHj  +  BMHj  ♦  IMHj 
MTBMj 


+ 


< PAAk > < UR ) < OUHFAC > 
<Mt  °MP>  <  EFFAC) 


m- 1 


.j 


( (3  PA  j  ) 


<  27) 


To  address  SR  and  TR ,  the  pipe! ine  spares  equations  are 


presented.  As  before: 


<  STK j ) <  UC  j > 


N 


psk  *  E  <fj>  N  e 

j  =»  1  !  i  =  1 


Nj 

ZCPFFHkXQrVkj  MNRTSj  XORCT) 
— 

i  ■*! 


<MT8D  j  ) 


<  UC  j  ) 


(10) 


Recall  that 


STK  j  «  Xj  tj  +  i  .<sV"Xj  t  j 


(9) 


and  tha t 


tj  *  <RTS,MBRCT>  +  (NRTSjXGST) 


where  ti  can  also  be  expressed  as: 


tj  *  (RTSj  XBRCT)  *  NRT«jXOST  +  3R  +  TR>  (28) 


Summary 

At  this  point,  the  expanded  input  list  for'-  CORE  F 
per  mi  t  <h  computation  of  operational  aval  1  abi  1  i  ty  and  leads 

modified  equations  for  replenishment  spares  and  m&: ntenanc 
manpower  “equ  i  remen  <;s .  The  modified  CORE  F  outputs  or  ye 
op*  f  a  r  \  on  a  f  ay  a  i  i  abi  1  i  t  y  data  and  two  CORE  i  npu  t  <  a\.  *  or  s 
(rep)  e»  t  shtnen  t  Spares  .-.to  o  i  i  or  t  i  onal  i  n  t  :•?  r  m  e  o' i  :s  •  a 


manpower),  These  input  factor*},  together  with  CORE  F  output 
/  CORE  input  values,  can  be  used  to  derive  CORE  output  -for 
use  in  /\  A0  /  /\  c  cornpar  i  sons  between  systems. 


1  ^  *  App  1  icaUonf  Anal  ys  i  » 


This  chapter  we 11  present  a  simp  ?  example  of  a  CORE  F 
application.  The  calculations  involve  the  modified  equations 
for  maintenance  manpower  requirements,  replenishment  spares, 
and  operational  availability.  The  data  is,  f  O'*  the  most 
part,  the  same  set  that  Gardner  used  in  his  modified  LSC 
application.  It  comes  from  the  HH-60D  Night  Hawk  program  and 
represents  two  alternative  avionics  packages,  as  shown  in 
Table  d1,  made  up  of  radar  target  acquisition  and  electronic 
countermeasures  subsystems. 

Table  V 

The  Alternatives 


FUNCTION 

WUC 

PACKAGE  A 

PACKAGE  B 

TARGET 

ACQUISITION 

74 

L/-rNT  I  3N 

APQ--1  58 

ECM 

76 

APR-39 

At  k  46 

A1 I  cost  values  ( UC j )  are  those  that  were  norma! i zed  to 
constant  year  values  bv  Gardner  in  his  ear! i er  effort 


(  7  :  40  !  . 


The  first  calculations  are  for  the  rep  lent shmen  t  spar 
f  at.  t  or  I.  Appendix  D).  The  ini  t  i  a  1  task'  was  to  compute  ban- 


stock  I«v#  Is  CSTK)  for  the  operations!  year,  k  „  (in  this 


case  year  ?  is  arbitrarily  chosen)  and  for  the  previous 


year  ,  « —  I.  (year  <*)  .  (See  Table  VI  „> 


Table  VI 


Stock  Leue!  Results 


PACKAGE  A 
LANTIRN  APR-39 


PACKAGE  B 
APG-158  ALR-^4 


STKj  7 

STKj  k»l  7 


The  n<rxt  step  is  to  determine  the  additional  pipeline 


spares  requirement,  for  package  A  by  computing  p  s  pe  1  i  n» 


spares  cost  for  years  6  and  7  <PSv;-i  and  PSfc)  and  then 


subtracting  the  difference  to  get  APSk  .  The  same  is  done  for 


package  8.  <3ee  Tablt*  VII.) 


Table  VII 


Pipeline  Spares  Results  <$/yr> 


PACKAGE  A 
LANVIRN  /  APR-  39 


PACKAGE 

APQ~  1  '38  '  At  R-46 


r  y 

PSk~l 


’  , 972  « 738 

,  8b  1  , ’  if 


98 . 85 A , 933 


VO  %  -60%1*  *  *)  /70 


V>  s  ^  H*5  / 


Saws*  .atiaK  ^a-;v 


s 


SiMti*  limitations  in  the  data  base  should  be  high  High  ted 
at  this  point.  The  equation  -for  A  j  calls  -for  mean  time 
between  demands  in  the  denominator.  MTBM,  or  mean  time 
between  maintenance  is  used  instead,  with  the  understanding 
that  MTTBD  and  MTtatl  differ  in  that  on  equipment  maintenance 
does  not  necessarily  generate  a  demand  on  the  supply  system. 
This  it.  turn  forces  the  assumption  that  no  on-equipment 
m* intent  w:e  is  going  to  occur. 

Another,  more  serious  limitation  is  that  the  data  set 
treats  each  system  CLAMTIRN,  APQ-158,  ect)  as  a  single  LRU. 
Additionally,  there  is  no  SRU  data  to  reflect  the  cost  of  in 
shop  spares  (circuit  cards  and  other  "bits  and  pieces*).  As 
a  result,  Fj  (the  SRU  spares  factor)  is  set  equal  to  1. 
Further,  with  «?ach  work  unit  code  having  only  one  LRU  in  the 
calculations,  repeated  iterations  for  multiple  LRUs  become 
unnecessary.  The  r.du an i age  of  this  is  that  data  collection 
and  calculation*  were  simplified  considerably  and  hence,  did 
not  distract  from  the  research.  The  disadvantage  of  course, 
is  a  t  i  red  departure  from  the  real  world  of  multiple  LRU 
systems  and  costly  SRU  stocks. 

The  ne<t  task  is  to  calculate  replenishment  spates 
<  RSfc  > .  This  means  summing  up  pipeline  spares  <  APSfc ) , 
condemnation  spares  (those  that  rep  I  ace  unserviceable  or 
condemned  spares  at  ready  f  »  e  S  ded  and  in  the  pipe!  i n#  )  , 
p«cu I  far  and  c  cumon  supper t  equipment  spares ,  test  equ  «  pmen t 


Th  i  s 


t&p  ar  e  s „  an  cS  r  *  p  I  ac  eme  n  t  su  p  p  or  t  *  q  u  i  pme  nt  spar  *>  vs . 
calculation  is  summarized  in  Table  VIII. 

Tabl e  VIII 

Replenishment  Spares  <*/yr> 


RSk 


PACKAGE  A 
I  30  t 0G0  s  000 


PACKAGE  B 
204,010 ,0.00 


In  this  example,  APSM^  and  CSh^  *,  *  sf*t  equal  to  z;ero 
•for  simp)  i  c  i  ty's  saKe „  PSES^  and  TESj^  art  also  zero  since 
y  do  not  become  active  variables  until  year  eight  1 3 ; 20 1 
Finally,  RSFHr  is  computed  as  shown  in  Table  IX. 


Table  IX 

Replenishment  Spares/ FI  yi  ng  Hour  Results  (♦/•fh) 


PACKAGE  A 
RSFHj£  1 388 


PACKAGE  B 
2i  78 »  !<? 


The  next  ser i #s  of  cal  at  1  at  *  ons  are  for  maintenance 
manpower  costs  {Append  i  x  E)  .  First,  the  number  ott 


T&b!  «!■  X 


Ma in  t © ttAnc ©  Han p owe r  Re su  1  t s 

PACKAGE  A  PACKAGE  8 

20 


Nex  t »  the  off  t  cer  ,  a  i  rman  ,  civilian  breakdown  i  s 
com puted.  In  each  case  MMF\  is  multiplied  by  a  percentage 
factor.  Then  the  requirement  for  each  category  is  Multiplied 
by  the  average  pay  per  year  (F66  and  Fti7  input  factors  in 
AFR  173-13)  to  get  manpower  costs.  sNote  that  at  the 
■subsystem  level  all  manpower  is  enlisted  <AHXC^)«  AMXC|<  in 
terms  of  CORE  factors  is:  (F71  +  F74;(F67>.  (See  Table  XI.) 

T..  bl  »  XI 

Maintenance  Manpower  Costs  <*/yr> 

PACKAGE  A 

31  5 , 721 

The  next  calculate ons  are  for  operational  aval  labs  1 i ty 
0  ift  o  *  -■■  f"  y  *  d  u  bsy  s  t  a  v  a  i  I  ab  i  i  i  1 1  &■>  a  ?  s  c  ui’i^p  t.  O'  d  ng 
equal  i  cm',  f  9  „  Treat  f  r»g  the  subsystems-  as  a  s^r  ?  es  ne  twor  k  . 
wh ere  the  Bufosys terns  a<->>  i  t*de  perwsen  t ,  »?,  a  i  latif  \  •  1  i 


PACKAGE  B 


/  A  ,  »s40 


product  of  the  subsystem  availabilities  C 7 ; 80 J  .  This  result 


« 


is  shown  in  Tab Is  XII 


Table  XU 


Opera  t i on a 5 

Av a i 1 afo i 1 

i  t  y  Result.. 

« 

Lan t i rn 

.47 

APR-39 

.89 

4 

PACKAGE 

A 

.41 

APQ-158 

.51 

' 

ALR— 4<S> 

.91 

PACKAfiE 

8 

.47 

■J8> 

If  we  think  care  +  u  1  i  y  and  extrapolate  to  a  weapon 
system  that  is  made  up  of  numerous,  subsystems,  trouble 
becomes  ap  aremt .  As  more  subsystem  availability  figures  are 
multiplied  together,  the  result  resembles  more  and  more  a 
series  reliability  computation.  The  weapon  system 
avail  atoll  i ty  figure  is  driven  to  an  appall  ingly  1 ow  It  <e 1  . 
The  implication  is  that  if  we  are  to  enjoy  high  system 
aval  1 abi 1  i t i we  must  have  extreme! v  high  subsystem 
ava  i 1 abi I i ties.  (It  should  be  noted  that  the  avai 1 abi I i ties 
shewn  in  'Tab!  *  XI I  are ,  like  the  costs,  relative  figures 
meant  for-  cuiupar  i  son  purposes.  They  may  we!  I  be,  and 
ope f  u  !  1  y  ar- <?  ,  ar  1 1  f  i  c  »  a!  s  y  1  aw 


* 


M 
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Finally,  the  RSFH^  and  AMXC^  cost  data  ar®  input  to  the 
CORE  Mod*  I  its*  If  to  calculate  r«  > I *n i shm® n t  spares  and 
aircraft  maintenance  manpower 

costs.  For  replenishment  spares  the  algorithm  from  AFR  173- 
13  is: 


< FI  )  < F3) <  F40  > 


where  : 

FI  is  the  number  of  aircraft  (PAA> 

F3  is  flying  hours  per  PAA  per  year 

(FH/IWYR) 

F40  is  replenishment  spares  cost  per  flying 

hour  <RSFH),  ;n  th i v  case  computed  using 
the  CORE  F  model 


This  algorithm,  of  course,  calculates  RS^ . 

The  maintenance  manpower  algorithms  of  interest  are 
l 20 ; 1083  s 


<  F70  >  (  r-  66)  y  <  F71  )  <  F67 ) 


arid 


<  F73)  f.  f  66  )  +  <  F74  )  (  F67  ) 


where  ; 


is  the  number  of  officers  assigned  to 
or  ga  n  s  >:  a  t  s  on  a  1  1'  e  y  el  m»  i  n  t  e  n  a  n  <  e 


F  70 


0 


F<4«r>  is  aversqt  officer  pay 

F- 7 i  is  the  number  of  enl  i  sted  personnel  ^ 

assigned  to  organizational  level 
maintenance 

F 67  is  average  enlisted  pay 

F73  is  the  number  of  officers  assigned  to 

intermediate  level  maintenance 

F74  is  the  number  of  enlisted  personnel 

assigned  to  intermediate  level 
mai ntenance 

Since  F70  and  F73  equal  zero  in  this  case,  the 
equations  reduce  to: 

>■«  ■  1 

m 


<  F71  +  F74XF67) 


which  equals  AMXC^  already  compu ted  in  CORE  F.  Hence,  “the 
summarized  cost  data  is  given  in  Table  XIII. 


m 


# 


Tab!*  XIII 


Summary  Cost/A0  Data 


PACKAGE  A 

PACKAGE  B 

replenishment  spares 

130,000,000 

204,010, 000 

maintenance  manpower 

315,721 

274 , 540 

total  cost  <*/yr> 

1  n  <315,721 

204,284,540 

operational  availability 

.41 

.47 

Summary 

The  preceding  cost/awa i  1  abi  l  i  ty  data  -forms  the  basis 
for  program  managers'  decisions  concerning  design  tradeoffs. 
With  it,  the  PM  can  compare  costs  and  availability  rates  and 
can  choose  either  the  more  available  subsystem  or,  the  least 


cost \ Y . 


V ,  F  i  nd  i  ngs  an  d  Ccncl  u^i  oris 

The  purpose  of  this  research  was  twofold;  to 
investigate  thu?  usefulness  of  operational  avail  ability  as  a 
surrogate  for  suppor tab i 1 i ty ,  and  to  determine  whether  or 
not  a  life  cycle  cost  model  using  the  CAIG  approved  cost 
element  structure  could  be  modified  to  include  operational 
availability  as  an  output.  In  so  doing,  suppor tab i 1 i ty  could 
be  examined  together  with  cost  as  competing  design 
configurations  are  evaluated. 

The  first  research  question  was  pursued  by  performing  a 
1 i terature  review  of  000  and  non  military  documents  to  find 
support  for  operational  availability  as  a  suppor tab i 1 i ty 
surrogate.  That  review  found  that  operational  availability 
is  generally  considered  one  of  several  ten.  th  it  can 
represent  weapon  system  suppor  tabi  1  i  ty  *  DQD  L  five 
5000,.  39  is  most  clear  on  this  i *rpr<  ta  ion.  liohr  id 
Corner  also  dr  aw  direct  1  inks  be  tw  o  •  t&bil  i  ty  an,’ 

avail ab i 1 i ty . 

The  second  research  question  i  o  v-  \  con  si  der  *i  I  y  more 
effort.  The  USAF  CORE  mode  1  is  toe  1  og  i  c  a  and  i  date  <r 
modification  to  include  ope»  umiiu!  \  5  i  t:  .  In  fa..  •••  , 

the  task  is  eased  by  work  i  mg  '«  r .  H?  .  s.  w'  '  ,  CORE  » 
that  prov  i  des  c ornmoi'i  gromio  i  i  *b .  t , 


of  CORE  F's  equations  -for  replenishment  scares  aid 
maintenance  manpower  permitted  an  expanded  vai  lable  list  to 
support  the  equation  tor  operational  availability, 

Concurrent  with  this  effort,  the  transform  that  Gardne- 
developed  for  operational  availability  was  examined  and 
changed  in  two  ways.  The  average  logistics  delay  time 
segment  expresses  off  base  requisition  delays  differently 
ar.d  is  expanded  ,o  include  delays  for  facilities  and  support 
equipment  in  an  effort  to  more  closely  approximate  the 
operational  environment. 


F  i  nrt  i  mjs 

This  research  led  to  two  findings.  The  f.rst  foil  ra 
from  the  ! i terature  review  and  validated  operational 
availability  as  a  surrogate  for  suppor tab i 1 i ty . 

The  second  finding  was  that  the  CORE  model,  through 
CORE  F,  can  calculate  operational  availability  in  addition 
to  cost. 

Con  c  1, ii  s  i  on  s 

Three  conclusions  arise  from  these  findings.  The  first 
conclusion,  derived  from  all  three  findings,  is  that  CORE 

can  aid  suppor  1.  ah  i  1  i  l  y  related  decision  irak  i  ng 


a  t  t  h  e 


9 


subsystem  level.  This  is  consistent  with  OQD  directives 
which  emphasize  supper  tab il  i ty  along  with  cost,  schedule, 
and  performance. 

The  second  conclusion  follows  from  the  first.  Because 
CORE  and  CORE  F  use  the  CA1G  approved  cost  element 
structures,  they  should  be  useable  in  support  of  DSARC 
decisions  concerning  both  cost  and  suppor tabi I i ty . 

The  last  conclusion  summarizes  this  research  and 
supports  Gardner's  earlier  effort.  As  h©  found  in  the  case 
of  the  LSC  model ,  a  modified  LCC  model  allows  the  program 
manager  to  evaluate  cost  and  availability  and  take  both  into 
account  in  his  decision  making.  He  can  seek  to  maximize 
aw? liability  subject  to  cost  constraints  or  he  can  minimize 
cost  and  evaluate  the  potential  impact  on  availability. 

Recarctreiend^t  i  ons 

The  reccxwisendat  i  ons  that  follow  are  a  direct  outgrowth 
of  this  research  and  are  offered  in  the  hope  of  increasing 
the  v i si bi 1  *  ty  of  suppor tabi 1  i ty  factors  m  future 

dec  «  %  i  Ok  as . 

The  first  recomcnenriat  i  on  is  that  operational 
*v<*  liability  be  i  neerpor  ate  d  into  CORE  »  :i  CO'.?E  F  as  show;, 
here .  At  the  very  least,  this  won  *  d  f  rv  :  ■  •  careful  though  t  on 
cost  and  suooor  tafoi 1  »  tv  issues. 


■V 


^  •**— 


i.9%1 


Second,  as  Gardner  and  so  many  others  have  noted,  *»qual 
emphasis  must  be  pi  seed  on  cost,  schedule,  port  ortna?ic;e ,  and 
suppor tab i 1 i ty .  With  all  its  attendant  difficulties,  this 
approach  is  the  on  1 y  one  that  insures  a  weapon  system  that 
can  dc  its  job  outside  tie  laboratory. 

As  a  last  note,  Gardner's  proposal  that  availability 
replace  suppor tabs  1 t ty  in  00D  directives  finds  no  real 
agreement  here.  There  are  several  ways  to  measure 
suppor tabi 1 i ty;  availability  is  just  one  of  them.  More 
research  needs  to  be  done  before  other  measures  are 
rejected. 


Areas  For  Future  Research 

Both  this  effort  and  Gardner's  addressed  methodology 
concerns.  Now  that  CORE  has  been  shown  capable  of 
calculating  availability,  it  remains  to  future  researchers 
to  refine  this  m© thodo8 ogy  and  apply  it  to  more 
comprehensi ve  data  bases  in  order  to  validate  its  utility. 

This  research  does  not  include  any  risk  assessment. 
Future  work  in  this  area  would  lend  considerable  credence  to 
the  methodology. 

Fur  ther  investigation  into  Average  Logistics  Delay  Time 
(ALDT)  as  defined  in  the  Operational  Availability  equation 

<  equat i on  19)  would  he  1 p  demonstrate  the  i mp ac  t  of  factors 


like  FACDEL  and  SEDEL.  Already  implicit  in  those  factors,  as 


presented  here,  is  the  potential  of  facilities  and 
suppor t/test  equipment  delays  to  drive  availability  down  if 
facilities  and  equipment  are  scarce  and  a  queue  should  form. 
Another  approach  might  be  to  attack  the  f undamen tal 


weakness  of  logistics  models  in  general.  Logistics  planning 
factors,  some  of  which  are  imbedded  in  this  data  list,  are 
often  suspect  and  may  or  may  not  be  accurate.  The  data 
problem  is  not  trivial  .  Inaccurate  f  1  anrt  i  ng  factors  in  World 
War  II  contributed  to  shortages  in  POL,  ammunition,  cold 
weather  gear,  and  other  essentials  in  the  European  Theater 
in  the  late  summer  and  fall  of  1944.  This,  together  with 
other  logistics  difficulties,  led  to  a.n  allied  halt  jus^ 
short  of  the  German  frontier  in  September  118:163.  B.H. 
Lidded  Hart  comments  on  this  failure  to  Keep  moving  in  his 
Hi  story  of  the  Second  Wor 1 d  War; 


The  price  that  the  Allied  Armies  paid  for  the 
missed  opportunity  in  early  September  was  very  heavy. 
Out  of  three  quarters  of  a  million  casualties  which 
they  suffered  in  liber;- ting  Western  Europe,  half  a 
mill  ion  were  after  th>  ir  September  check.  The  cost  to 
the  world  was  much  wetse — mi  1 1  ions  of  men  and  women 
died  by  military  action  and  in  the  concentration  camps 
of  the  Germans  with  the  extension  of  the  war.  Moreover , 
in  the  longer  term,  *  n  September  the  Russian  tide  had 
not  yet  penetrated  into  Central  Europe  f  13: 5613,. 


Logistics  planning  factors  were  invest i gated  in  a  recent 
Force  Logistics  Management  Center  report  which  found  that  tod 


pH  Ann  ling  factors  are  perhaps  no  better  than  they  were  in  World 
War  II  £6:23  . 

These  factors  cower  a.  broad  spectrum  of  logistics  planning 
and  decision  mating  of  which  cost  analysis  is  only  a  part.  The 
implications  of  inaccurate  planning  factors  are  sobering. 

Future  research  wight  examine  selected  factors  in  an  attempt 
to  verify  their  accuracy. 


ALDT 

APS*, 

APSNk 

APSSk 

BCHK 

BMH 

BRCT 

CSESk 

CSNk 

CSSk 

DRCT 

i-  f-  f  AC 
l-AO.W! 


APPENDIX  A:  Var iabie  List 


is  average  logistics  delay  time 

is.  the  additional  (delta)  pipeline 
spares  cost  needed  to  support  the 
increased  number  of  aircraft  and  the 
increased  flying  hour  program  associate 
with  weapon  system  phase-in 

is  the  additional  pipeline  spares  cost 
(APSk)  for  non-stock  listed  "N”  items 

is  the  additional  pipeline  spares  cost 
(APSk)  for  stock  listed  *8“  items 

i s  average  manhours  to  perform  a  shop 
bench  check,  screening,  and  fault 
verification  on  a  removed  FLU  or  LRU 
prior  to  initiating  repair  action  or 
condemning  the  item. 

is  average  manhours  to  perform 
i ntermvc.  at©  l  eve*  (base  chop) 
maintenance  on  a  removed  FLU  or  LRU 
including  fruit  isolation,  repair,  and 
verification 

is  the  standard  base  repair  cycle  time 
in  months 

is  the  annual  cost  for  common  support 
equipment  spares 


is  the  annual  condemnation  spares  cost 
for  non-s-eck  listed  “M*  items 

is  the  .nnual  condemnat  i  on  spares  cost 
for  stock  listed  “S“  i  tt;ns 

is  the  standard  depot  repair  cycle  time 
in  months 

is  an  H icienty  factor  for  manhours 
is  the  delay  factor-  for  r  eqo  t  red 

f  <i  f  1  i  1  f  {  5, 


ifirttfeWliW'i ■ VfrAyrffi ifif  M.  flTi&)n  I  Vw«ir  nn 4  'i  ii.i  if>rw-triiTi y 


i  <i  the  factor  used  to  calculate-  SRU  (shop 
replaceable  unit)  pipeline  spares  dollar 
requirements  -for'  the  j  th  2-digit  WUC 

is  the  index  identifying  each  LRU 

is  average  manhours  to  perform  corrective 
ma  :r» ten ance  of  the  FLU  or  LRU  in  place  on 
line  without  removal  including  fault 
isolation,  repair  and  isolation 

is  an  index  identifying  each  2-digit  WUC 

is  the  number  of  2~digit  WUCs 
<01  thru  Q9> 

is  the  total  available  manhours  per 
person  per  month 

is  the  number  of  active  bases  for  each 
operational  year,  k 


MMH j  is  the  maintenance  manhours  per  flying 

hour  for  LRU/FLU  “ i " 


MMHjn  is  the  maintenance  manhours  for  uapport 

and  general  WUCs  <0  2  -  09)  for  the  *mth“ 
2~d i g i t  WUC 

hflP^  is  the  maintenance  manpower  requirement 

for  operational  year,  k 

MRF  average  manhours  per  failure  to  complete 

off-*qu  »  pment  m?  •  ■.  .tenance  records 

MRQ  average  manhours  per  failure  to  complete 

on-equipment  maintenance  records 

SiTBL'j  is  the  mean  time  between  demands  in 

flying  hours  for  the  i th  LRU 

Nj  is  the  nuf?»ber  of  !  dividual  LRUs  within 

the  j th  2 -digit  work  unit  code  (WUC> 

NRTS:  is  the  fraction  of  the  i th  LRU  removal s 

l 

not  repar  tfol  e  at  bane  level 

OS  T  «  s  the  standard  order  a. id  sh  <  pp  »  ny  t  im-» 

i n  mon t  h s 


Of 


op  e  rational  t  i  inn 


i  s 

GMHFAC  is  an  overhead  -factor  applied  for  chief 

of  maintenance  and  PM EL  overhead 

PAA^  is  the  primary  authorized  aircraft  per 

operational  year,  K 

PAMH  is  average  manhours  expended  in  place  on 

the  installed  system  for  preparation  and 
access  for  the  FLU  or  LRU;  for  example, 
jacking,  unbuttoning,  removal  of  other 
units  and  hookup  of  support  equipment. 

FFFH^  is  peak  monthly  force  flying  hours 

in  operational  year,  k 

PS^  is  total  cumulative  pipeline  spares  cost 

per  operational  year,  k 

PSES^  is  the  annual  cost  of  peculiar  support 

equipment  spares 

QPA j  is  the  quantity  of  identical  LRUs/FLUs 

per  aircraft 

RPLSESfc  is  the  annual  cost  for  replacement 

support  equipment  spares 

RTS j  fraction  of  removed  i th  FLUs/LRUs 

expected  to  be  repaired  at  base  i  eve'. 

SEDuL  is  the  delay  factor  for  required 

support  /  test  equipment 

SMM  is  average  manhours  to  perform  a 

scheduled  periodic  or  phased  inspection 

on  the  system. 

8M I  is  the  inte r v a i  i n  f 1 y i n g  h ou r s  be  twee n 

scheduled  maintenance  inspections 

SH  average  manhours  per  fai lure  to  complete 

supp 1 y  tr ansae t i on  records 

ST  is  standby  time 


t  o  t  a  f  c  or  r  e ■:  t  t  v e  «»a  i  n  t  e  n  an  c  e  t  >  me 


TESfc  (S  >*e  ant>u4l  cos  x  tor  tr a » »i  i  ng  equ  i  WBer<  t 

ar  c'  % 

TFFH^  i  a  the  cot  a!  force  r'l  yi  rtq  hours  per 

operational  rear,  kt  tot  a  H  del  iuered 
a i rcr  af t 

TPM  is  total  pr  ever*  tat  a  we  maintenance  time 

TR  average  manhours  per  •failure  to  comp!  etw 

£ r ansp or  t a t i on  t r an s ac t i on  f orms 

UC  j  i s  the  cumui at  i  ce  average  writ  pro-due  t  i  or 

cost,  for  the  s  th  lRU 

UR  i s  th*  peacetime  utilization  rate  per 

a i rcr  a  if t  i hr s ./mo  > 

Y  is  the  number  o-f  2- digit  uJUCs 

UO  thru  99) 


Fl  is  the  number  of  aii-craf  t  (  PAA  > 

F3  is  -flying  hours  per  PAA  per  year 

<  FH/PfV.  -i/YR> 

F40  is  rep  II  en  i  shmen  t  spares  cost  per  flying 

hour  <RSFH>,  in  this  case  computed  using 

F70  is  the  number  of  officers  assigned  to 

organ  i  t  i  on  a1  level  maintenance 

F 46  is  average  officer  pay 

F7i  is  lye  number  of  enlisted  personnel 

assigned  to  organizational  level 
ma  i  r>  tenance 

F67  is  average  en 1 isted  pay 

F73  is  the  number  of  officers  assigned  to 

intermediate  level  maintenance 

F74  is  the  number  of  unlisted  personnel 

assigned  to  i n termed i ate  level 


APPENDIX  Os  I  n  p  u t  Va } 


PACKAGE  A 


VARIABLE  NAME 

LANTIRN 

APR-39 

PAAk 

201 

201 

UR 

38.8  hr*/ma 

38.8  hr*/mo 

OVHFAC 

1.120 

1.120 

MHPMP 

145,200 

145.200 

EFFAC 

Q  .400 

0.600 

SMH 

0 

0 

SMI 

0 

0 

MRQ 

.08  hr 

.08  hr 

MRF 

.24  hr 

.24  hr 

MTOM  j 

— 

BCMHj 

1.3  hr 

.  4  hr 

PAMH , 

.087  hr 

.07833  hr 

BMH  j 

2,6  i.r 

1.2  hr 

IMH  j 

1 .6253  hr 

2.7  h  r 

M  i  i-  Ji  j 

25*  hr* 

249  hr  s 

QPA  j 

1 

1 

MMHm 

0 

0 

f-J 

— 

Mk 

24  (  vi  7 > 

24  Cyr  7) 

Jt.  C  y  jr  <S  ) 

22  (  y r  6 > 

7473.49 


PFFH,,, 


NRTSj 


DRCT 


163,482.65 


7920  hr <• 
7270  hrs 
.27 

2.83  me 


( yr  7)  7920  hrs 
<yr  6>  7270  hrs 
.05 

2 . 83  mo 


<  yr  7  ) 

<  yr  6  > 


MTBDj 


RTS  j 

.70 

.92 

BRCT 

,  33  mo 

.  33  mo 

OST 

.394  mo 

. 394  mo 

SR 

.0003472  mo 

.0003472  mo 

TR 

.0002222  mo 

.000222?  mo 

OT 

80  hrs 

80  hrs 

ST 

526  hrs 

526  hrs 

FACDEL  ** 

3.0  hrs 

3.0  hrs 

3EDEL  ** 

1  .0  hrs 

1  .0  hrs 

TFFH 

93,660 

93,660 

COMDj 

.  1 2057 

.51 

Fk 

— 

— 

PACKAGE  B 


VARIABLE  NAME 

APQ-158 

ALR-46 

PAAk 

201 

201 

UR 

38.8  hr s/mo 

38  -8  hr- s/mo 

OVHFAC 

1.120 

1.120 

MHPMP 

145.200 

145.200 

EFFAC 

0 .6C0 

0.600 

SMH 

0 

0 

SMI 

0 

0 

MRO 

.08  hr 

,08  hr 

MRF 

.24  hr 

,24  hr 

MTBMj 

— 

— 

BCMHj 

2.3  hr 

.  9  hr 

PAMH  j 

.  8  hr 

.5  hr 

BfiH  j 

1  . 6  hr 

1  .5  hr 

IMH  j 

1 . 4  hr 

.85  hr 

MfT  BM  j 

35  hrs 

325  hrs 

GPA  j 

1 

1 

0 

0 

FJ 

— 

— — 

Mk 

24  <  yr  7) 

24  < yr  7 > 

(  /  r  o  y 

22  <yr  6) 

IS, 5 75. 21 


UCj  *  249,771 


PFFHk 

7920  hrs  (yr 

7270  h rs  <  yr 

7)  7920  hrs  (yr  7) 

6>  7270  hrs  C  yr  4> 

MRTS  j 

.35 

.15 

DRCT 

2 . 83  sno 

2 . 93  mo 

MT80  j 

— 

- - 

RTS  j 

.60 

.30 

8RCT 

.33  mo 

.  S3  mo 

OST 

. 394  mo 

.394  mo 

SR 

,0003472  mo 

.0003472  mo 

TR 

.0002222  mo 

.0002222  mo 

OT 

80  hrs 

80  hrs 

ST 

526  hrs 

526  hrs 

FACDEL  ** 

3.0  hrs 

3.0  hrs 

SEDEL  ** 

1.0  hrs 

1.0  hrs 

TFFH 

93,660  hrs 

93,660  hrs 

COND 

! 

.16 

.  40 

Fk 

— 

*  Norm*  I  i  zed  cost  data  (UCj)  front  An  Exam  i  n  a  t  i  on  of  Qper at  i  on  a  1 
Ao*  i  1  ato  i  8  i  ty  xn  i.  t  fe  Cyc  1  e  Cos t  Modif  i  s  f  7:691 

*•»  Subjective  Estimates 

All  other  data  is  frosm  Appendix  B ,  An  Ex  ami  nation  of  Qperat  i  onat 
Avar  1  abi  ?.  i  <y  j_n  Lift  Cyc  1  a-  Cost  Mode  1  s  £7:633,  ,nd  I  BM  Report  83 
LCC-2A  f.  83  „ 


APPENDIX  C:  Equation  List 


Equations  7  and  28;  Mean  Demand  Rate  per  Base 


X, 


<  PFFHk  >  <  QPA  j ) 
<Mk  >  <MT8D  j > 


<  7) 


t;  -  <  RTS  j  >  <  BRCT)  -J-  NRTSjXOST  +  SR  +  TR)  (28) 


Equation  9s  Spares  Stock age  Level  For  LRU  i  (Includes  Safety 
Stock  > 


STK  j  *  Xjtj  ♦  1  . 4~\f  A  j  t  j 
Equation  iGs  Pipeline  Spares 


<9> 


Y 


p<- 


:>k 


<  F  ;  ) 


j-'l 


Nj 

Mk  )  (STKjXUCj) 
i*i 


PFF-Hj  >  <  QPA ,  >  (MfcTS  j  )  < DRCT  ) 
(M  i  L 


<  UC ,  > 


(  i  0  > 


E(|vi«t  » on  11s  {'he  1  »cr  «me«  t  .increase  in  Pipe?  irse  Spares  for 

Ope rational  Ye ar  ,  K 


Equation  12.;  Replenishment  Spares  per  Operations. I  Year 


H+l  H*i  K  K  K 

RSk  ™  i  APSSk  *  !APSNk  +  J  CSSR  ♦  i  CSNk  +  !  PSESk 
k*a  k«3  k«i  k-3  k=H+i 

K  H  K 

♦  ICSES*  +  STES?<  +  IRPLSES*  <12) 

k=*t  ksaH+ 1  k=i 


Equation  13s  Replenishment  Spares  per  Flying  Hour 


*Sk 

RSFHk  *  - - - 

TFFHk  (13) 


Equation  4s  Operational  Availability 


A0  » _ QT  +  ST 

OT+ST +TPM+TCM+ALDT  <4) 


Equation  19s  The  Expanded  Version  of  Operational  Availability 


A0  *  OT  +  sr/COT  +  ST 

+  <  <  SHH  +  8s.  MH  ♦  TAMH  +  BMH>  ( UR/ SHI  )  > 

*■  (  (BCMH  f  PAMH  >  +  <  BMH  +  1MH  +  B«CT>  RT3X  0T/MT8F) 

+  <<MRF  +  MRO  .  OST  +  SR  +  TR ) RTS) < 0T/MT8F ) 

+  FACDEL  f  SEDELJ  <1  ) 


Equation  27:  Maintenance  Manpower 


for  Operational  Year,  k 


MMPk 


(  pAAk ) ( UR ) <  OUHFAC ) 


L  <  MHPMP ) <  EFFAC ) 
<PAAk>ajR>(WHFAC> 


(MHPMP) ( EFFAC) 


[  r—»  MRO  +  MRF 

)  - - 

Z_ j  MTBM, 

*  j  =  l 


SMH 

SMI 


j=l  i=l 


BCK-ij  *  PAMHj  <•  BMHj  +  IMHj 
MTBM  j 


I1 


<  QPA  j  ) 


J 


(  PAAk  >  <  UR )  (  OC'HFAC) 
+ - - - - - - 


(27) 


(MKR1P) (EFFAC) 


(TV=1 


APPEND  IX  D  :  Calculations  For  Rep  1 en i  shmgrt  t  Spares 

PACKAGE  As. 

Lan  t i rp - 

tj  -  < . 70  >  <  .  33)  ♦  < . 27) < . 394  +  .0003472  +  .0002222) 

-  .231  +  .1045337 

-  .3375337 

-•i  =  iZ22.Qil  12.  =*  ;  *  .37931 

<24X29) 

STK ;  *  Cl  1  . 37931 X .1375337) 

+  1.6  V < 1 1 .37931) <“ 3375337) 

»  3,8409007  +  3.1357146 
=  8.9766153 
which  rounds  to : 

STK  j  ~  7 

Xi  k-i  -  1Z27P_KJ_>.  =  11.394984 
<22X29) 

STK  j  k . j  =  (11. 394984  >  < . 3375337) 

+  1  .  6  '/<  1  1  .  394984  X  .  3375337  ) 

*  3.8461912  +  3.1 378  734 
6.9840646 
which  rounds  to: 


APR-39 


tj  =  <  .  92)  .33)  +  (.P5X.394  +  ,0003472  + 

-  . 3036  ♦  .0197285 
=  .3233285 

^  j  *  lZ£iO„>  U„>  =  1  . 32530 1 2 
<24X249) 


STKj  =  < 1 .3253012) < .3233285) 

+  1.6  V< 1.325301 2) < .3233285) 
■  .4285076  +  1.0473679 
-  1.4758756 
which  rounds  to : 

STKj  -  2 


\j  *  <  7270  XI) 

<22X249) 


1 .  271267 


STKj  k  -  j  “  <1 .3271 267X  .3233285) 

+  1.6  V<  1 . 3271 267) < .  3233285) 
-  .4290979  +  1.04808*6 
~  1 .4771869 
which  rounds  to: 


.0002222) 


k-i 


61,972,738  -  56,851,460 
5,121 ,278 


H+ 1 

rsk  :  APssk 
k-=i 


H+ 1  K  K 

+  SAPSNk  +  !CSSk  +  S£SNk 
k«3  tv  —  t  k=«3 


K 

+  ! PSfcSk 
k^H+  1 


K  H  K 

>  !CSESk  ♦  ! TFSk  +  !RPLSESk 
k=*i  k=H+i  k«i 


whers 


n 

i  is  a  notation  that  i  den  t  i  f  i  es  -for  each  y 
k~l  the*  cost  elements  that  are  to  be  added. 

H  is  the  last  year  o-f  production, 

K  is  the  end  o-f  operational  life. 

1  is  the  first  year  o-f  deployment. 

k  index  -for  operational  year. 


APSSk  »  APSk  =*  5,121  ,278 
APSNk  »  0 


CSS*  »  CSk 


<  TFFHk ) <  QPA  j  > <  COHD j  ♦  CDNP j ) < UC j  > < Fk > 


_ i 

J«l  8=*1. 


<MT3D j > 


(29) 


+  < 93 . o 60 ) ( 1 ) < .51 ) <  747 3,49) < 1 ,8 ) 
<  249) 


«  124,770,000 


C9Nk  »  0  (Both  APSNk  and  CSNk  are  set  at  zero  to 
s  i  mp  1  i  -f  y  t;  a  I  c  u  Uti  on  a  .  ) 

PStSK  0  <  PStS5k  bet  ernes  ac  1 1  w»  in  year  8.  ) 


f  ^  ***»/(•*'  ^V^'IT*  *J»-T  Wlf.  »■  '•«  IJ1  *▼»*»<»  ,«  ytW*19IVt4((M 


<i 

CSESk  »  CCSEk  ( CSEFACjj )  »  2.681  <  .04)  ™  .10724  mi) 

-  107,240 

9 

RPLSES*  »  RPl.SEk  C RPLFAC )  --  .M3<  .042)  "  .004746  mil 
•■4,746 

kC 

R3k  *>  <\  21  ,278)  ♦  <0 )  +  024,770,000)  «■  <G>  *  <0>  .  * 

+  ' < 07,240)  >  <0>  +  <4,746) 

*  130,000,000 


RSFHk  «  RSk/TFFH  *  130,000,000/93,460  »  *1 388/FH 


PACKAGE  8.*. 

AP«~  I  sc;  3 

tj  »  C.60X.33>  +  (.35)  (.394  +  .0003472  + 
»  .198  ♦  .1380793 
W«  .  3340993 

^  i  ..  <222SL>JJJl  «  9.4285714 
<  24)  <  35 > 

<rrf<  «  <  9 . 428571 4)  <  .  3360993) 
i 

+  1 .6  V<9T42857l4) < .3360993) 

•*  3.1689363  +  2.848241 
=■  6.0171773 
which  rounds  to: 

STK j  =  7 

'Xi  k-l  *  ZZZZaiLLl  =»  9.44  15584 

<22X35) 

STK  *  <9.445 5584 X . >360993) 

i  k-l  _ _ 

*-  1.6  Y<  9.441555 4X  .3360993) 

«  3 . 1 7330 12  +  2 . 850  20 1 9 

*  6.0235031 
i  h  i  c  In  r  ou n  ds  t  o  : 


.0002222) 


ALR -46 : 


tj  *  (.80)  (.33)  +  (.15)  (.394  «•  .0003472  +  .0002222) 
*»  .264  +  .059*854 
■  .3231854 

^  j  =  lZ£20iUUL  -  1.01 53846 
(24)0.  ) 

STK  -  ( 1 .0153846) C .3231854) 

i 

+  i.6  \R~t .  o  i's 38 467<  TaiiTa 54  > 

*  ,3281575  4  .9165605 

*  1 .244718 
which  rounds  to: 

STK  j  *  2 

^  i  k~l  ■  iZlZSDAU.  =*  1.0167832 
(22) (325) 


STK  *  ( 1 .0167832) ( .3231854) 

i  k-i  _ _ 

+  1  .6  V<1  ~ 0l67 832T(~323"l85 4 ) 
-  .3286095  +  .9171915 
=  1 .245801 
wh i ch  r  ounds  t  o : 

3TKi  k,.t  -  2 


PSk  =»  1  <  24X  7X  249 ,771) 

+  (24)  (2)  <  15,575.21  >j 

+  (  7920  )  <  1  X  .35X2.63  >  <  049  77 1  ) 

(  35  ) 

L. 

<7920)  (  1  )  <  .  15)  <2.83)  <  ,  5  575 .2p 
<325) 

«  98,852,933 

PSk_i  «  1  <22X7X249,771) 

+  <22X2X15  575.21)] 

+  <  7270  )  <  1  )  <  .  35)  <  2  ■  83)  <;  740  ^  77}  > 
l~~  '  .  <  35) 

+  < 7270 XIX.  15X2.83),/  ,5,575.2)) 
<325) 

=  90,684,076 

APSk  *  98,852,933  -  90,686,076 


csk  <  ?3 , <540  )(1)(.16H  249 . 771  >  (  J  ^8) 

<  35) 

*  ^93. 4<Sjj )  U  >  (  .  40  )  (  1  5  s  575.2 1  )_0  .8? 

(325) 

»  i 95  ,  730 ,000 

RSk  =  (8, 164,837)  +  <G>  +  (195,730,000)  +  (0) 
+  <0)  *  (107,240)  +  <0>  +  <4,744) 

••»  204,010,000 

RSFHk  ®  204,010, 000/93 , 460  »  *2178.14/FH 


i  ;H  v 


APPENDIX  E:  £al&&  Pat  J  ana  For  Hain.trn^'C.ff  Manpower  Rgoo  i  rgfflgnts 


p&sm&iL  a  j 


L»n  t  i  rr.  /  APR-39  s 
MHPk  « 


< o > 

(H5, 200  Hfi.oO) 

<20J  >  <  38 , 9?  < 1>1 20> 

< 143.200 )< 0.60) 


(29) 


+  ,Q6  +  .24 

iiawnrlia  iiIi-i—imti  iwnwfrtif 

(247) 


<1.3)  ♦  <  . £87  )>  S2.6)  , »  <1 J 6255 ).,  j  > 
(29) 


+  < .4)  >  < .07833)  *  <j .2)  ±  (2 .7),- j > 

(24?>  j 


(20»Q8.8)<1 .120)  (0> 

< 143  200) < .60) 


MMPk 


»  <1  00. 26006)  ,,0123196)  «•  (.1935345)  +  (.0175837) 

=*  (  1  00 .76006)  <  .2234373) 

*  22.401887 

wh  i  c  h  r  ou  n  fte  to: 

=s  73 


0FFXCk  =  (OFFFAC)  <MMPk)  =  (.02X23)  =»  .44 

A MXCk  •*  (AHNFAC)  <MMPk  -  <  .98X  23)  ~  22..  54 
-  XZIvFAC)  <MMPk>  (0X23)  0 


CMXCi 


MMCfc  =  (  Of-PXCk  )  (  OFFPYR  )  +  ( AMXC )  <  AMNPYR) 

+  (CMXCXCIVPYR) 

~  <0)  +  <  23) <1372?)  ♦  <0> 

«  313,721 

Note  that  the  officer  -fraction  is  rounded  down  to  0 .  li  we  were 
running  computations  for  ail  HH---60  avionics  we  would  expect  to 
see  a  number  greater  than  t.  to  account  for  off  i  c*r  mann  i  ng  at 
branch  1 eve  1  ( i ©  an  av i on i c«  waintenanc*  branch  i n  an 
i ntermedi  ate  level  main  tenanc*  squadron).  In  such  a  case  we  would 


not  round  down 


PACKAGE  B: 


APQ-158  /  ALR-46; 

mmpk  « 


<201  X38.SX  1  .  120)  ( o  > 

<145.200X0.60) 

<201 X 38. 8) (1.120) 

< 145.200) <0 .60) 


,08  ±  .24  +  .08  +  .24 

<  35)  ~  (325) 


< 2 . 3>  +  (.8?  ♦  <1.6)  *  < 1 .4)/ i > 
<  35) 


+  < .9)  +  < .5)  +  <1.5)  *  < . 85) <  i > 

<325) 


<201  X38, 8)  <  1  .1  20 >  (0) 
< 145.200) < .60) 


=  (100.26006)  |< .0101275)  +  (.1742857)  + 
*  < 100.26006) < .1959517) 

»  19.646125 


which  rounds  to; 


MMPk  »  20 

0FFXCk  »  (.02X20)  *  .40 
AMX'Ck  '•  <  .98X20)  «  !  9 . 6 
mxck  =  <0)<20)  =  o 

MMCk  «  0  +  <20X13727)  +  0 
a  274,540 


< .0115385) 


AMXC^  corresponds  to  -factors  F71  ,  F74 ,  and  F67  of  the  USAF  CORE 
Model  given  in  AFR  173-13.  The  relationship  iss 


AHXCk  ~  < F71  »  F74XF 6?) 


where  i 


F71  is  organizational 
F74  is  intermediate  e 
F 67  ®n 1 i sted  pay 


enl isted  manpower 
1 i sted  manpower 


APPENDIX  F:  Calculations  For  Operat i onal  Availability 


PACKAGE  As 


Lan  t i rn  : 

A0  =  (80  +  526)/<  80  +  526)  +  <0  +  1.3  +  .08?  +  2.6)0 
+  <1.3  +  .08 7)  ♦  <2.6  +  1.6255  +  237. 6). ?o]  (80/29) 

+  I  (.24  +  .03)  +  (.25  +  .16  +  283. 68). 27 
+  3.0  +  l.o]  (80/29) 


606  +  Q  +  470.79959  +  223.51531 


_ 6Q6 _ 

1300.3149 


~  .466041 


APR-39: 

A0  =  <80  +  526) /( 80  +  526)  >[<0  +  0.4  +  .07833  +  1.2)o] 
>  | (.4  +.07833)  +  (1.2  +  2.7  +  237. 6). 92]  (80/249) 

rr  1 

+  i  C  .  2-A  +  .08)  +  (.25  +  .16  +  283.68>.C»5| 
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606  +  0  71.536813  +  5.9516466 

-  .  _  606  _ 
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+  [[<.24  +  .08)  +  .  .  25  *  .  1  +  283.68) -15] 

<•  3.0  +  i.o]  (80/325) 

—  __  _ _ 60  6  _ _ _ _ _ 

606~+  0  *  4 7. 5^630 3  +11.552862 

»  _  606  _  . 

665 . 1 491 7 

=  .9110738 
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treating  the  avai 1 abi 1 i t i es  of  two  subsystems  Are 
events,  the  package  ava i I ab i li t i es  are  calculated  as 
the  subsystem  availabilities. 


PACKAGE  A_i 

<  . 4*66041  >  .886628)  -  .413205 

PACKAGE  B : 

( .S134733X .91 10733)  -  .4678121 
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